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S C I E N C E. -Supplement 


FRIDAY, FEBRUARY 11, 1887. 


THE STUDY OF GEOGRAPHY. 

It is a remarkable fact, that, in the recent 
literature of geography, researches on the method 
and limits of that science occupy a prominent 
place. Almost every distinguished geographer 
has felt the necessity of expressing his views on 
its aim and scope, and of defending it from being 
disintegrated and swallowed up by geology, bot¬ 
any, history, and other sciences treating on sub¬ 
jects similar to or identical with those of geogra¬ 
phy. If the representatives of a science as young 
as geography spend a great part of their time in 
discussions of this kind, though the material for 
investigations is still unlimited ; if they feel com¬ 
pelled to defend their field of research against 
assaults of their fellow-workers and outsiders, — 
the reason for this fact must be looked for in a 
deep discrepancy between their fundamental views 
of science and those of their adversaries. 

Formerly, when the greater part of the earth’s 
surface was undiscovered, and European vessels 
sailed only over their well-known routes from 
continent to continent, careful not to stray from 
the old path and fearing the dangers of unknown 
regions, the mere thought of these vast territories 
which had never been sighted by a European 
could fill the mind of geographers with ardent 
longing for extended knowledge ; with the desire 
of unveiling the secrets of regions enlivened by 
imagination with figures of unknown animals 
and peoples. But the more completely the out¬ 
lines of continents and islands became known, 
the stronger grew the desire to understand the 
phenomena of the newly discovered regions by 
comparing them with those of one’s own country. 
Instead of merely extending their study over new 
areas, scientists began to be absorbed in examin¬ 
ing the phenomena more intently, and comparing 
them with the results of observations already 
made. Thus Humboldt’s admirable works and 
Karl Ritter’s comparative geography arose out of 
the rapidly extending knowledge of the earth. 

The fact that the rapid disclosure of the most 
remote parts of the globe coincided with the not 
less rapid development of physical sciences has 
had great influence upon the development of 
geography ; for while the circle of phenomena 
became wider every day, the idea became preva¬ 
lent that a single phenomenon is not of great avail, 


but that it is the aim of science to deduce laws 
from phenomena; and the wider their scope, 
the more valuable they are considered. The 
descriptive sciences were deemed inferior in value 
to researches which had hitherto been outside their 
range. Instead of systematical botany and zoology, 
biology became the favorite study ; theoretical 
philosophy was supplanted by experimental psy¬ 
chology; and, by the same process, geography 
was disintegrated into geology, meteorology, etc. 

Ever since, these sciences have been rapidly de¬ 
veloped, but geography itself has for a long time 
been almost overshadowed by its growing chil¬ 
dren. However, we do not think they can fill its 
place, and wish to prove that its neglect cannot 
be remedied by the attentive cultivation of those 
sciences separately. 

Those accustomed to value a study according to 
the scope of the laws found by means of it are not 
content with researches on phenomena such as are 
the object of geography. They consider them 
from a physical stand-point, and find them to be 
physical, meteorological, or ethnological; and, 
after having explained them by means of physi¬ 
cal, physiological, or psychological laws, have 
finished their work. It is very instructive to con¬ 
sider thoroughly their definition of geography. 
They declare that the domain of this science com¬ 
prises neither magnetical and meteorological nor 
geological phenomena and processes. They gen¬ 
erously grant it the study of the distribution of 
animals and plants, as far as physiologists and 
evolutionists will permit; but all agree that an- 
thropo-geography — the life of man as far as it 
depends on the country he lives in — is the true 
domain of geography. 

It is not difficult to discover the principle on 
which this segregation is founded. Physical phe¬ 
nomena are subject to physical laws which are 
known, or which will assuredly be found by the 
methods used in discovering those that are known. 
Physiological, and, to a still higher degree, psy¬ 
chological, laws are not so well known as to allow 
their being treated in the same way as physical 
laws. The conditions of the phenomena are gen¬ 
erally so complicated, that, even if the most gen¬ 
eral laws were known, a strict conclusion cannot 
easily be drawn. But were those auxiliary sciences 
just as far developed as physics, no doubt the 
same scientists who at the present time concede 
them willingly to geography would not hesitate 
to claim them for physiology and psychology. It 
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is evident that there is no middle way : geogra¬ 
phy must either be maintained in its full extent or 
it must be given up altogether. 

As soon as we agree that the purpose of every 
science is accomplished when the laws which 
govern its phenomena are discovered, we must 
admit that the subject of geography is distributed 
among a great number of sciences ; if, however, 
we would maintain its independence, we must 
prove that there exists another object for science 
besides the deduction of laws from phenomena. 
And it is our opinion that there is another ob¬ 
ject, — the thorough understanding of phenomena. 
Thus we find that the contest between geographers 
and their adversaries is identical with the old con¬ 
troversy between historical and physical methods. 
One party claims that the ideal aim of science 
ought to be the discovery of general laws; the 
other maintains that it is the investigation of phe¬ 
nomena themselves. 

It is easily understood, therefore, why in geog¬ 
raphy the contest between these views is particu¬ 
larly lively. Here naturalists and historians meet 
in a common field of work. A great number of 
modern geographers have been educated as his¬ 
torians, and they must try to come to an agree¬ 
ment with the naturalists, who, in turn, must 
learn to accommodate their views to those of the 
historians. It is evident that an answer to this 
fundamental question on the value of historical 
and physical science can only be found by a me¬ 
thodical investigation of their relation to each 
other. 

All agree that the establishment of facts is the 
foundation and starting-point of science. The 
physicist compares a series of similar facts, from 
which he isolates the general phenomenon which 
is common to all of them. Henceforth the single 
facts become less important to him, as he lays 
stress on the general law alone. On the other 
hand, the facts are the object which is of impor¬ 
tance and interest to the historian. An example 
will explain our meaning more satisfactorily than 
a theoretical discussion. 

When Newton studied the motion of the planets, 
the distribution of those celestial bodies in space 
and time were the means, not the object, of bis 
researches. His problem was the action of two 
bodies upon each other, and thus he found the 
law of gravitation. On the other hand, Kant and 
Laplace, in studying the solar system, asked the 
question, Why is every one of the bodies consti¬ 
tuting the solar system in the place it occupies? 
They took the law as granted, and applied it to 
the phenomena from which it had been deduced, 
in order to study the history of the solar system. 
Newton’s work was at an end as soon as he had 


found the law of gravitation, which law was the 
preliminary condition of Kant’s work. 

Here is another example: according to Buckle’s 
conception, historical facts must be considered 
as being caused by physiological and psychological 
laws. Accordingly, he does not describe men and 
their actions as arising from their own character 
and the events influencing their life, but calls our 
attention to the laws governing the history of 
mankind. The object of the historians is a dif¬ 
ferent one. They are absorbed in the study of the 
facts, and dwell admiringly on the character of 
their heroes. They take the most lively interest in 
the persons and nations they treat of, but are un¬ 
willing to consider them as subject to stringent 
laws. 

We believe that the physical conception is no¬ 
where else expressed as clearly as in Comte’s sys¬ 
tem of sciences. Setting aside astronomy, which 
has been placed rather arbitrarily between mathe¬ 
matics and physics, all his sciences have the one 
aim, to deduce la ws from phenomena. The single 
phenomenon itself is insignificant: it is only val¬ 
uable because it is an emanation of a law, and 
serves to find new laws or to corroborate old ones. 
To this system of sciences Humboldt’s ‘Cosmos’ 
is opposed in its principle. Cosmography, as we 
may call this science, considers every phenomenon 
as worthy of being studied for its own sake. Its 
mere existence entitles it to a full share of our 
attention ; and the knowledge of its existence and 
evolution in space and time fully satisfies the stu¬ 
dent, without regard to the laws which it corrob¬ 
orates or which may be deduced from it. 

Physicists will acknowledge that the study of 
the history of many phenomena is a work of sci¬ 
entific value. Nobody doubts the importance of 
Kant’s researches on the solar system; nobody 
derogates from that of investigations upon the 
evolution of organisms. However, there is an¬ 
other class of phenomena the study of which is 
not considered of equal value, and among them 
are the geographical ones. In considering the 
geography of a country, it seems that the geolo¬ 
gical, meteorological, and anthropo-geographical 
phenomena form an incidental conglomerate, hav¬ 
ing no natural tie or relation to one another, 
while, for instance, the evolutionist’s subject of 
study forms a natural unity. We may be allowed 
to say that the naturalist demands an objective 
connection between the phenomena he studies, 
which the geographical phenomena seem to lack. 
Their connection seems to be subjective, origi¬ 
nating in the mind of the observer. 

Accordingly there are two principal questions 
which must be answered : first, the one referring 
to the opposition between physicists and cosmog- 
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raphers, i.e., Is the study of phenomena for their 
own sake equal in value to the deduction of laws ? 
second, Is the study of a series of phenomena 
having a merely subjective connection equal in 
value to researches on the history of those form¬ 
ing an objective unity ? 

We shall first treat on the difference of opinion 
between physicists and cosmographers. The two 
parties are strongly opposed to each other ; and it 
is a hard task to value justly the arguments of op¬ 
ponents whose method of thinking and way of 
feeling are entirely opposed to one’s own. An 
unbiassed judgment cannot be formed without 
severe mental struggles which destroy convictions 
that were considered immovable, and had become 
dear to us. But those struggles lead to the 
grander conviction that both parties, though in a 
permanent state of conflict, aspire to the same 
end, — to find the eternal truth. 

The origin of every science we find in two dif¬ 
ferent desires of the human mind, — its aesthetic 
wants, and the feelings, which are the sources of 
the two branches of science. It was an early de¬ 
sire of developing mankind to arrange systemati¬ 
cally the phenomena seen by the observer in over¬ 
whelming number, and thus to put the confused 
impressions in order. This desire must be con¬ 
sidered an emanation of the aesthetical disposition, 
which is offended by confusion and want of clear¬ 
ness. When occupied in satisfying this desire, 
the regularity of the processes and phenomena 
would attain a far greater importance than the 
single phenomenon, which is only considered im¬ 
portant as being a specimen of the class to which 
it belongs. The clearer all the phenomena are 
arranged, the better will the aesthetic desire be 
satisfied, and, for that reason, the most general 
laws and ideas are considered the most valuable 
results of science. 

From this point of view, the philosophical ideas 
of Epicurus are very interesting, as they may be 
considered the extreme opinion to which this 
aesthetical desire can lead if the pleasure one en¬ 
joys in arranging phenomena in a clear system is 
the only incentive. He considered any explanation 
of a phenomenon sufficient, provided it be natural. 
It does not matter, he taught, if an hypothesis is 
true, but all probable explanations are of the 
same value, and the choice between them is quite 
insignificant. We believe this opinion is called 
to a new life by a number of modern scientists, 
i.e., by those who try to construct the evolution of 
organisms in details which, at the present time at 
least, can neither be proved nor refuted. If, for 
instance, Muller describes the history of the evolu¬ 
tion of flowers, he gives only a probable way of 
development, without any better proof than that 


it seems to be the simplest and therefore the 
most probable. But this construction of a prob¬ 
able hypothesis as to the origin of these phenom¬ 
ena gives a satisfaction to our aesthetical desire 
to bring the confusion of forms and species into a 
system. But it should be borne in mind that a 
theory must be true, and that its truth is the 
standard by which its value is measured. There¬ 
fore naturalists are always engaged in examining 
the truth of their theories by applying them to new 
phenomena, and in these researches those phe¬ 
nomena are the most important which seem to 
be opposed to the theories. As soon as the ques¬ 
tion whether the theory is applicable to the class 
of phenomena is solved, the whole class is of 
little further interest to the investigator. 

While physical science arises from the logical 
and aesthetical demands of the human mind, cos¬ 
mography has its source in the personal feeling of 
man towards the world, towards the phenomena 
surrounding him. We may call this an ‘ affective ’ 
impulse, in contrast to the aesthetic impulse. 
Goethe has expressed this idea with admirable 
clearness : “It seems to me that every phenome¬ 
non, every fact, itself is the really interesting ob¬ 
ject. Whoever explains it, or connects it with 
other events, usually only amuses himself or makes 
sport of us, as, for instance, the naturalist or his¬ 
torian. But a single action or event is interest¬ 
ing, not because it is explainable, but because it is 
true ” (Unterhaltungen deutscher Ausgewanderten). 

The mere occurrence of an event claims the 
full attention of our mind, because we are affected 
by it, and it is studied without any regard to its 
place in a system. This continuous impulse is the 
important counterbalance against the one-sided¬ 
ness of a science arisen from merely aesthetic im¬ 
pulses. As the truth of every phenomenon causes 
us to study it, a true history of its evolution alone 
can satisfy the investigator’s mind, and it is for 
this reason that Epicurus’s probable or possible ex¬ 
planation is not at all satisfactory for science, but 
that every approach to truth is considered a prog¬ 
ress by far superior to the most elaborate system 
which may give proof of a subtile mind and 
scrupulous thought, but claims to be only one 
among many possible systems. 

Naturalists will not deny the importance of 
every phenomenon, but do not consider it worthy 
of study for its own sake. It is only a proof or a 
refutation of their laws, systems, and hypotheses 
(as they are deduced from true phenomena), which 
they feel obliged to bring as near the truth as pos¬ 
sible. The deductions, however, are their main 
interest; and the reward of the indefatigable stu¬ 
dent is to review, from the summit of his most 
general deductions, the vast field of phenomena. 
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Joyfully he sees that every process and every phe¬ 
nomenon which seem to the stranger an irregular 
and incomprehensible conglomerate is a link of a 
long chain. Losing sight of the single facts, he 
sees only the beautiful order of the world. 

The cosmographer, on the other hand, holds to 
the phenomenon which is the object of his study, 
may it occupy a high or a low rank in the system 
of physical sciences, and lovingly tries to pene¬ 
trate into its secrets until every feature is plain 
and clear. This occupation with the object of his 
affection affords him a delight not inferior to that 
which the physicist enjoys in his systematical 
arrangement of the world. 

Our inquiry leads us to the conclusion that it is 
in vain to search for an answer to the question, 
Which of the two methods is of a higher value ? 
as each originates in a different desire of the human 
mind. An answer can only be subjective, being 
a confession of the answerer as to which is dearer 
to him,—his personal feeling towards the phe¬ 
nomena surrounding him, or his inclination for 
abstractions ; whether he prefers to recognize the 
individuality in the totality, or the totality in the 
individuality. 

Let us now turn to the discussion of the second 
point. We have seen that physicists are inclined 
to acknowledge the value of a certain class of cos- 
mographical studies. It is the characteristic 
quality of those phenomena that they are the re¬ 
sult of the action of incidental causes upon one 
group of forces, or upon the elements of phe¬ 
nomena. The physicist does not study the whole 
phenomenon as it represents itself to the human 
mind, but resolves it into its elements, which he 
investigates separately. The investigation of the 
history of these elements of phenomena leads to 
a systematical arrangement, which gives to the 
aesthetical desire as much satisfaction as the for¬ 
mulation of laws. The end which evolutional and 
astronomical researches tend to is the best proof 
of this fact. A study of groups of phenomena, 
which seem to be connected only in the mind of 
the observer, and admit of being resolved into 
their elements, cannot lead to a similar result, and 
is therefore considered of inferior value. However, 
we have tried to prove that the source of cosmo- 
graphical researches is an affective one. If this be 
right, we cannot distinguish between complex and 
simple phenomena, as the physicist tries to do, and 
neglect their subjective unity, —the connection in 
which they appear to the mind of the observer. 
The whole phenomenon, and not its elements, is the 
object of the cosmographer’s study. Thus the 
physiognomy of a country is of no interest to the 
physicist, while it is important to the cosmog¬ 
rapher. 


From the stand-point we occupy, a discussion 
as to the value of these researches is of just as lit¬ 
tle avail as that on the value of the two branches 
of science, for the judgment will be founded on 
the mental disposition of the judge, and be only a 
confession as to which impulse predominates, the 
aesthetic or the affective. However, one fact 
appears from our inquiry : cosmography is closely 
related to the arts, as the way in which the mind is 
affected by phenomena forms an important branch 
of the study. It therefore requires a different 
treatment from that of the physical sciences. 

" We will apply these results to the study of 
geography. Its objects are, the phenomena caused 
by the distribution of land and water, by the 
vertical forms of the earth's surface, and by the 
mutual influence of the earth and its inhabitants 
upon each other. 

What does the physicist do with this object of 
study ? He selects a single element out of phe¬ 
nomena which are observed at a certain point of 
the earth’s surface, and compares it with another 
one found at another place. He continues in this 
way searching for similar phenomena, and loses 
sight altogether of the spot from which he started. 
Thus he becomes the founder of the sciences into 
which geography has gradually been resolved, as 
his studies are either directed to geological phe¬ 
nomena alone, or to meteorological, botanical, or 
whatever it may be. The most general deductions 
which can be reached in the pursuit of these studies 
still have a close connection with the single ob¬ 
ject, as they cannot be earned farther than to the 
most general geographical ideas, as mountain- 
ranges, running water, oceans, etc. The most 
general results of his investigations will therefore 
be a general history of the earth’s surface. If he 
bring these results into a system, he acts, as it 
seems to us, against the cosmograpbical character 
of the science. For instance, a system of all pos¬ 
sible actions of water as forming the earth’s sur¬ 
face seems to us of little value, except from a 
practical stand-point as being useful in studying 
the geological history of a district or of the 
earth’s surface. Therefore these systems must be 
considered as important auxiliary sciences, but 
they are not geography itself. Their value is 
founded only on their applicability to the study 
of geography. The invention of geographical 
systems, so far as they do not serve this purpose, 
must be considered as useless, and classifications 
must be made only as far as geographical phe¬ 
nomena of a similar kind must be explained by 
different causes. 

But there is another branch of geography be¬ 
sides this, equal to it in value, — the physiognomy 
of the earth. It cannot afford a satisfactory ob- 
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ject of study to the physicist, as its unity is a 
merely subjective one; and the geographer, in 
treating these subjects, approaches the domain of 
art, as the results of his study principally affect 
the feeling, and therefore must be described in an 
artistic way in order to satisfy the feeling in which 
it originated. 

Our consideration leads us to the conclusion 
that geography is part of cosmography, and has 
its source in the affective impulse, in the desire 
to understand the phenomena and history of a 
country or of the whole earth, the home of man¬ 
kind. It depends upon the inclination of the 
scientist towards physical or cosmographical 
method, whether he studies the history of the 
whole earth, or whether he prefers to learn that 
of a single country. From our point of view, the 
discussion whether geology or meteorology be¬ 
longs to geography is of little importance, and 
we are willing to call all scientists geographers 
who study the phenomena of the earth’s surface. 
We give geology no preference over the other 
branches of science, as many modern scientists 
are inclined to do. The study of the earth’s 
surface implies geological researches as well as 
meteorological, ethnological, and others, as none 
of them cover the scope of geography, to delineate 
the picture of the earth’s surface. 

Many are the sciences that must help to reach 
this end ; many are the studies and researches that 
must be pursued to add new figures to the incom¬ 
plete picture ; but every step that brings us nearer 
the end gives ampler satisfaction to the impulse 
which induces us to devote our time and work to 
this study, gratifying the love for the country we 
inhabit, and the nature that surrounds us. 

Franz Boas. 


ITALIAN MEDICAL PSYCHOLOGY . 

The study of the nervous system in health and 
disease has been assiduously cultivated in Italy 
for many years. The peculiar environment and 
volatile characteristics of the race may have been 
influential in drawing attention to the study of 
insanity. 

Italian alienists have taken a deep interest in 
the psychological aspects of their specialty ; and 
their main review, the Rivista sperimentale di 
freniatria , has been thriving for many years. A 
brief notice of a few of the articles contained in 
the last volume will serve to indicate some of the 
directions in which work is being carried on. 

A frequent contributor to this review was the 
physiologist Buccola, who died last year. He has 
published a volume in the International scientific 
series which is devoted to an account of the ex¬ 


perimental study of the time of psychic processes, 
and which merits an English translation. One of 
his latest researches is embodied in a long article 
in this review on the electric reaction of the acous¬ 
tic nerve in the insane. If you place one of the 
poles in the external auditory chamber, and the 
other on the neck or the hand, besides causing 
slight pain, muscular contractions, etc., a distinct 
sound will be heard on closing the circuit if the 
negative pole is in contact with the ear, and on 
opening the circuit if it is the positive pole. This 
for the healthy ear. But in the insane this formula 
is sometimes reversed, and s.uffers irregularities. 
The examination of the auditory apparatus is thus 
of diagnostic value, especially in cases of auditory 
hallucinations. In almost all such cases the hear¬ 
ing is thus shown to be diseased, and in a few 
cases stimulation of the auditory nerve caused the 
hallucinations to appear. 

Two observers, Tambroni and Algeri, contribute 
to this study of the psychic diagnosis of insanity 
an account of experiments upon the reaction times 
of the insane. After some preliminary training, 
the patient was subjected to eight tests of forty 
observations each. An observation consisted, 1°, 
in measuring the time necessary for the patient 
to feel the contact of a point; 2°, the time to per¬ 
ceive whether a single point or a pair of points 
2.2mm. apart was drawn across the tip of his right 
forefinger. The paranoic patient reacts more 
quickly than the normal man ; and in this is im¬ 
plied not only that he feels sooner, but knows 
what he feels more rapidly : it is a psychic hyper- 
aesthesia. In all other forms of insanity the time 
of a simple reaction and of a distinction is length¬ 
ened when the normal time is .188 of a second ; 
the time of the paranoic type is .174 of a second ; 
of the maniacal, .812; of the demented, .844; of 
the epileptic, .362 ; of the melancholic (in whom 
all mental life is sluggish and monotonous), .374. 
Four persons of each type were examined. It 
takes slightly longer to perceive a double than a 
single point. 

A. very careful study on the effect of repetition 
of simple acts, that is, of practice, upon the time 
it takes to perform them, is rendered by Guie- 
ciardi and Cionini. They take as their basis three 
well-known laws regarding practice; viz., 1°, 
that it makes repetition easier (and quicker); 2°, 
that it does so at first more rapidly than later on ; 
and, 8°, that a limit to this process is slowly 
reached. The original part of their work consists 
in showing that practice has greater abbreviating 
power in complicated than in simple acts. A 
simple touch reaction by the effect of 250 repeti¬ 
tions was shortened .018 of a second ; the time for 
perceiving that but a single point was touching 
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with black crystals attached, and grinding it with a polished sapphire, 
it readily scratched the same. If a larger quantity of material 
comes to hand, the writer will have polished a diamond with the 
powder of the meteorite, using a new wheel for the purpose. The 
writer has not seen the paper of MM. Latchinoff and Jorefeif, but 
there seems to be every reason to substantiate their conclusions. 

These facts are of especial interest, since on Jan. 15, 1887, Prof. 
L. Fletcher, curator of the Mineralogical Department of the British 
Museum, read before the Mineralogical Society of England a paper 
on a meteorite which was found in the sub-district of Youndegin, 
Australia, in 1884, and in which he stated he had found a new 
form of graphite of cubic form, with the hardness of 2.5 and a 
specific gravity of 2.12. To this he gave the name of ‘cliftonite,’ 
calling attention, also, to the fact that Haidinger, in 1846, had found 
what he described as graphite pseudomorph after iron pyrites 
(Poggendorf Annalen, 1846, Ixvii. p. 437), obtained by him from a 
nodule of graphite which had dropped out of the Arva meteorite. 
Gustav Rose ( Beschreibung und Entheilung der Meteoriten , 
1864, p. 40; Poggendorf Annalen, 1873) expressed an opinion that 
this mode of replacement of the cube edges on these crystals was 
suggestive of holo-symmetry rather than hemi-symmetry, and that 
this interpretation would exclude iron pyrites as a possible antece¬ 
dent mineral. 

The cliftonite was readily examined with a p-inch objective ; and 
from its structure Professor Fletcher concluded, that, while it is dif¬ 
ferent from native graphite, the sharpness, separateness, and com¬ 
pleteness of the crystal, the brightness of the faces, the delicacy of 
the acicular projections, and especially of the obtuse, almost flat, 
square pyramids, or some of the faces, are quite sufficient to prove 
that the form has never had any other than its present tenants ; in 
other words, that it is not a pseudomorph. When in cubes, the 
diamond has faces not very unlike those of the Youndegin crystals, 
and shows a similar bevelling of its edges by the rounded tetrahex- 
edra. Again: Professor Fletcher says it might be argued, that, 
during a hurried crystallization of the carbon, circumstances initial¬ 
ly favorable to the formation of the diamond had finally permitted 
the existence of carbon in a graphitic form only. Fie had also 
found distinct graphitic crystals, cube octahedrous in form, in the 
Cocke and Sevier County (Tenn.) meteorites. 

When we consider that only a few meteorites have been exam¬ 
ined for this mineral, we have reason to expect some interesting 
results in the future. George F. Kunz. 

New York, March 6. 

A Pseudo-Meteorite. 

THROUGH the kindness of Dr. DeWitt Webb of St. Augustine, 
Fla., I have been able to examine a portion of the so-called * meteor¬ 
ic stone,’ weighing over two hundred pounds, which was said to 
have been seen to fall in an old cultivated field near Middleburgh, 
Clay County, Fla., and which was exhibited at the Subtropical Ex¬ 
position at Jacksonville, Fla. It is a concretionary limonite, and 
not of meteoric origin. George F. Kunz. 

New York, March 6. 

Monocular vs. Binocular Vision. 

As a constant student of binocular phenomena, I have been 
much interested in Mr. Hyslop’s letter in Science of Feb. io. I 
have repeated the experiment illustrated by his Fig. i, and con¬ 
firmed his results. But I do not think they are to be explained by 
any supposed struggle between monocular and binocular vision, 
but in a far more obvious way, which, in fact, he himself suggests. 

In binocular combination of such simple figures as circles, where 
the means of estimating distance is reduced to ocular convergence 
alone, the estimate is very imperfect and uncertain. Our knowledge 
so interferes with our visual judgment that we are apt to over-esti¬ 
mate the distance. In fact, many persons even find a difficulty in 
seeing the combined binocular image any nearer than the two mo¬ 
nocular images. As long as attention is fixed on the combined cir¬ 
cle, the homogeneous image of the needle will seem beyond, as it 
ought. This will be much more distinct if we range the point of 
sight back and forth, combining successively the needle-points and 
the circles. But when we transfer attention wholly to the double 
images of the needle, these latter will sometimes appear nearer 


than the circle ; not, however, because the needle seems nearer than 
before, but because the circle drops to the plane of the paper, where 
it tends to go, anyhow. 

The experiment illustrated by his second figure I cannot confirm. 
It is true that experiment with his figures as drawn in Science con¬ 
firms his results, but this is only because the figures are badly 
drawn. The positions of the two small circles b and c are not 
symmetrical. When accurately drawn, I find, on combining, that 
the small circle and the large circle appear exactly on the same 
plane. My son, aged eighteen, and well practised in binocular ex¬ 
periments, confirms my results perfectly. Whether Mr. Hyslop’s 
original figures were imperfect, or have been only badly copied, I 
know not; but the wonderful distinctness with which binocular 
combination will bring out and exaggerate the smallest differences 
in apparently similar figures, is well known. 

Joseph LeConte. 

Berkeley, Cal., Feb. 22 . 

The Scientific Swindler Again. 

The following from the Indianapolis Journal of Feb. 24 may 
be of interest to those who have been the victims of the swindler 
so extensively advertised by your own and other journals : “ The 

book-thief who has, under the names of W. R. Taggart, Professor 
Cameron, Professor Douglass, and various aliases , travelled over 
the country, representing himself as a scientific student, and borrow¬ 
ing valuable books, has been arrested in Cincinnati, where he gave 
the name of Otto Syrski. He was recognized yesterday by Profes¬ 
sor Collett of this city, who was one of his victims. Professor Col¬ 
let learned where his books had been sold, and will probably recover 
them.” It is to be hoped that this will stop his operations, at least 
for a time. A. W. Butler. 

Brookville, Ind., March 1 . 

A Critique of Psycho-Physic Methods. 

Dr. Joseph Jastrow, in the second number of the Journal of 
Psychology , discusses the principal psycho-physic methods now in 
use, and advocates a thorough reform of the science of psycho¬ 
physics. One of the principal conclusions at which he arrives is 
that no such thing as a differential threshold exists; that is to say* 
that there is no definite point at which the difference of two sensa¬ 
tions ceases to be perceptible. Dr. Jastrow’s arguments fail to con¬ 
vince us. He says, “ The threshold is described as a point not ex¬ 
actly constant, but nearly so: above it all differences can be felt, 
below it all differences vanish into unconsciousness. No matter 
whether little or much below this point, they are utterly lost. It is 
idle to say, as Fechner at times does, that they differ in the amount 
of additional stimulation necessary to bring them up into conscious¬ 
ness, unless you mean that the series below the so-called threshold 
is an exact continuation of the series above it; and, if you do mean 
this, then the threshold loses all its distinguishing peculiarities, and 
ceases to exist.” Further on, in discussing the theory of the right and 
wrong cases, he says, “ It has been proved that the ratio of wrong 
answers increases as the difference between the stimuli decreases ; 
but the ‘ threshold theory ’ claims that this last fails to hold after 
this difference has been diminished below a certain ratio.” 

In considering these objections, I may be allowed to treat two 
classes of sensations separately: first, the judgment that a difference 
exists is based on a sudden change in the character of the sensation 
either in space or time ; second, the judgment refers to sensations 
separate in space or time or in both. As an example of the former, 
we may assume two adjoining fields of various colors or various in¬ 
tensities of light, or a sound suddenly increasing in intensity or 
height. The threshold theory says there is a certain difference be¬ 
tween these adjoining sensations below which no difference will be 
perceived. Practically this is admitted by Jastrow. In trying to 
meet such an argument, he first says that there exists only an aver¬ 
age threshold ; i.e., the average smallest perceptible proportion of 
intensity or wave-length of the two sensations on which the ob¬ 
server is able to form a judgment. He continues, “ Here you either 
(1) tacitly assume that not many observations are to be taken, or 
that (2) no matter how many observations were made, no mistake 
would ever occur.” 

The arguments of the advocates of the threshold theory are 
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■somewhat different from what Jastrow would make us believe. In 
the first class of sensations there are two reasons for the existence 
of a threshold,— a physiological and a psychological. As a bal¬ 
ance has a certain limit of accuracy beyond which it does not show 
differences of weight of two bodies, so our organs of sensation are 
not able to show differences between stimuli varying only to a very 
small extent. This is the physiological threshold. But, besides, 
the advocate of the threshold theory says it is necessary that the 
sensations should differ to a certain degree, else they cannot be dis¬ 
tinguished. He does not say, however, as Jastrow assumes, that 
the magnitude of this least perceptible difference is the same at 
any moment. On the contrary, it depends on the state of mind of 
the person, and varies just as Jastrow’s sensibility varies, every 
moment having its own threshold, the average of which is the aver¬ 
age threshold of the observer. 

The theory of the threshold may be summed up in the following 
remarks : — 

Two sensations are given, the difference of which is to be judged 
upon. The judgment can have various characteristics. Either a 
certain phenomenon is observed which has no immediate connec¬ 
tion with the sensations to be compared (for instance, the line divid¬ 
ing two fields of various colors is observed), or the sensations are 
separate in space and time. In this case the conception of the 
former is compared with the latter sensation. In the former case 
the physiological threshold is the main consideration, and for this 
reason it may be omitted in these brief remarks. 

In the latter case let the sensations S 1 and S 2 be given, which are 
produced by the stimuli s x and s 2 . Let S ± be the first to be ob¬ 
served. In making the comparison, S t will not be correctly re¬ 
membered ; but the probability that another and similar sensation, 
S x , which would correspond to the stimulus ^ x , is produced, will be 

W = / (s x , s u C) ds, 

S x 

the constant depending upon the conditions of the experiment. 

Experiments show that ^increases when the difference between 
s ± and s x decreases. Further experiments show that when the two 
stimuli ^ and s 2 differ but slightly, in a great number of cases the 
observer will judge S t — S 2 . According to the theory of prob¬ 
ability, IV is only very small as compared to all other possible re- 

productions. Therefore the only possible explanation of the fact 
that the judgment S\ = S 2 is comparatively frequent, is, that not 
only in those instances when the conception S 2 is reproduced are 
both judged to be identical, but that sensations varying only slight¬ 
ly from S 2 cannot be distinguished from it; and the task of psycho¬ 
physic methods is to find the limits of these variations. Mathe¬ 
matically the number of observations in which both sensations are 
considered the same is expressed by the following formula : — 

S _|_ 

IV, =/ 2 / (. t. s lt C) ds. 

S 2 — 

and dare the upper and lower thresholds respectively. This 
explanation agrees exactly with the observed fact, that slightly dif¬ 
ferent stimuli cannot be distinguished; and Jastrow’s objections 
are founded on a misconception of the mathematical basis of the 
theory. No advocate of the threshold theory assumes, as Jastrow 
supposes, that below the threshold the probability of a greater error 
is the same as that of a smaller error. 

In another passage of his critique, Jastrow rejects the use of 
doubtful cases in the theory of right and wrong cases. It seems to 
me that his objections cannot be accepted. The fact is, that in a 
number of cases doubtful answers must be given. In his paper he 
says, and rightly, that the confidence is increasing with the differ¬ 
ence of the sensations. Now, the answer ‘ doubtful ’ is nothing else 
than an expression of the degree of confidence; and, according to 
the above formula, the proper way to include these answers in the 
theory is to assume a second threshold which shows the limit of 
doubtful cases, and this has been successfully done. 

It will easily be seen that variations of a sensation such as as¬ 
sumed by the theory outlined above always occur, and that they 
must prevail in all psycho-physic experiments except in the first 
class. 
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Dr. Jastrow’s suggestion to measure the sensibility by psycho¬ 
physic methods is a good one. It has been successfully applied for 
measuring various degrees of attention, and the writer fully agrees 
with Dr. Jastrow’s opinion that this is the most promising field of 
psycho-physic research. Dr. Franz Boas. 

New York, March x. 


American and Foreign Microscopes. 

My attention having been called to the ‘ Complaint ’ in Science 
for Dec. 2, 1887, and the following articles on microscopes, the 
facts did not seem to me fully presented therein. I immediately 
addressed the following questions to more than twenty of the lead¬ 
ing colleges of the country, the Department of Agriculture, Geolog¬ 
ical Survey, and Microscopical Society of Washington, D.C., and 
Messrs. Wolle and Smith, two of the oldest microscopists in the 
country. The results are herewith presented, with my own ideas 
on the subject. 

The questions were, 1. How many microscopes of American 
make have you ? [659.] 2. How many of foreign make ? [434.] 

3. How many without a joint ? [309.] 4. Do your students 

work standing, or sitting? 5. Is the instrument used in an in¬ 
clined position to any extent ? 

The figures in brackets give the sums total of the replies. Penn¬ 
sylvania University reports 100 American, 3 foreign ; Michigan, 
120 American, 30 foreign. Of the foreign instruments, 108 belong 
to Harvard, and 135 to Bryn Mawr, Johns Hopkins, and Massachu¬ 
setts Institute of Technology. About 40 jointed instruments are 
reported used in the upright position; more than two-thirds of the 
whole number are used inclined. To No. 4, the answer “Sitting,” 
is almost universal ; “ Standing or sitting,” a few. The following 
extracts from the replies are pertinent: — 

“ I prefer to work it upright, and teach my students so, but they 
will incline it whenever possible.” 

“When long at work, I prefer a vertical tube; but I find for 
young students the inclined position and the rack and pinion ex¬ 
tremely desirable.” 

“ Only by unfortunates. Of course, the joint is a convenience, 
but is not, in my opinion, essential.” — Harvard College, in 
answer to No. 5. 

“ The instruments are used almost exclusively in the upright po¬ 
sition, the tables being low enough to permit of such use with ease.” 

— University of Nebraska. 

“ Mostly foreign instruments, generally inclined, prefer inclined ; 
would use it inclined if I could ” [of upright instruments]. — GEO¬ 
LOGICAL Survey. 

“ The latest purchases are American, which are now preferred.” 

— Albany. 

“ Personally, I believe the best instruments are made in this 
country.” — UNIVERSITY OF MICHIGAN. 

“ In my laboratory (physiology and hygiene), we use forty. I 
bought the first in 1876, foreign because then cheaper. In four 
years they were all worthless. We then bought American: they 
have stood more rough usage, and had fewer repairs necessary, 
than any others. My work is especially trying on account of the 
frequency with which acids must be used.” 

“ I believe the eye is more nearly in its normal and best position 
when the microscope is inclined.” — Princeton. 

“ My constant companion at my table is Zentmayer’s army micro¬ 
scope. Have used it twelve or more years, always inclined, or very 
rarely vertical.” — F. Wolle. 

“ Twenty-five years ago I got Powell and Lealand’s stands. I 
seldom use their objectives. For long years I have preferred Amer¬ 
ican objectives. I have recently seen letters from purchasers of 
Zeiss apochromatics, confessing that Spencer’s most recent glasses 
fully hold their own, and at less prices.” — H. L. Smith. 

“ The facility to incline when needed is indispensable.” — J. G. 
Hunt. 

In 1862 I saw much of Dr. Hunt, then unsurpassed as a histolo¬ 
gist. He used a Beck best, inclined, in continuous daily work. His 
experience assisted in the construction of the American Centennial 
instrument, which he has since used. This is an instance of an 
elaborate tool employed in actual, original, and long-continued 
work. After this came the Beck International, costing seventeen 
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THE LIMITATIONS OF THE COMPARATIVE 
METHOD OF ANTHROPOLOGY* 

Modern Anthropology has discovered 
the fact that human society has grown and 
developed everywhere in such a manner 
that its forms, its opinions and its actions 
have many fundamental traits in common. 
This momentous discovery implies that laws 
exist which govern the development of 
society, that they are applicable to our soci¬ 
ety as well as to those of past times and of 
distant lands ; that their knowledge will be a 
means of understanding the causes further¬ 
ing and retarding civilization ; and that, 
guided by this knowledge, we may hope to 
govern our actions so that the greatest bene¬ 
fit to mankind will accrue from them. 
Since this discovery has been cleanly formu¬ 
lated, anthropology has begun to receive 
that liberal share of public interest which 
was withheld from it as long as it was be¬ 
lieved that it could do no more than record 
the curious customs and beliefs of strange 
peoples ,• or, at best, trace their relationships, 
and thus elucidate the early migrations of 
the races of man and the affinities of peoples. 

While early investigators concentrated 
their attention upon this purely historical 
problem, the tide has now completely 
turned, so that there are even anthropolo¬ 
gists who declare that such investigations 
belong to the historian, and that anthropo¬ 
logical studies must be confined to re¬ 
searches on the laws that govern the growth 
of society. 

A radical change of method has accom¬ 
panied this change of views. While for¬ 
merly identities or similarities of culture 
were considered incontrovertible proof of 
historical connection, or even of common 
origin, the new school declines to consider 
them as such, but interprets them as results 
of the uniform working of the human mind. 
The most pronounced adherent of this view 

* Paper read at the meeting of the A. A. A. S. at 
Buffalo. 


in our country is Dr. D. G. Brinton, in Ger¬ 
many the majority of the followers of Bas- 
tian, who in this respect go much farther 
than Bastian himself. Others, while not 
denying the occurrence of historical Con¬ 
nections, regard them as insignificant in re¬ 
sults and in theoretical importance as com¬ 
pared to the working of the uniform laws 
governing the human mind. This is the 
view of by far the greater number of living 
anthropologists. 

This modern view is founded on the ob¬ 
servation that the same ethnical phe¬ 
nomena occur among the most diverse 
peoples, or, as Bastian says, on the appall¬ 
ing monotony of the fundamental ideas of 
mankind all over the globe. The meta*- 
physical notions of man may be reduced to 
a few types which are of universal distribu¬ 
tion ; the same is the case in regard to the 
forms of society, laws and inventions. 
Furthermore, the most intricate and ap¬ 
parently illogical ideas and the most curious 
and complex customs appear among a few 
tribes here and there in such a manner that 
the assumption of a common historical ori¬ 
gin is excluded. When studying the cul¬ 
ture of any one tribe, more or less close 
analoga of single traits of such a culture 
may be found among a great diversity of 
peoples. Instances of such analoga have 
been collected to a vast extent by Tylor, 
Spencer, Bastian, Andree, Post and many 
others, so that it is not necessary to give 
here any detailed proof of this fact. The 
idea of a future life, the one underlying 
shamanism; inventions such as fire and the 
bow; certain elementary features of gram¬ 
matical structure—these will suggest the 
classes of phenomena to which I refer. It 
follows from these observations that when 
we find an analogon of single traits of cul¬ 
ture among distant peoples, the presump¬ 
tion is not that there has been a common 
historical source, but that they have arisen 
independently. 
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But the discovery of these universal 
ideas is only the beginning of the work of 
the anthropologist. Scientific inquiry must 
answer two questions in regard to them : 
First, what is their origin ? and second, 
how do they assert themselves in various 
cultures ? 

The second question is the easier one to 
answer. The ideas do not exist everywhere 
in identical form, but they vary. Sufficient 
material has been accumulated to show that 
the causes of these variations are either ex¬ 
ternal, that is founded in environment— 
taking the term environment in its widest 
sense—or internal, that is founded on 
psychological conditions. The influence of 
external and internal factors upon elemen¬ 
tary ideas embodies one group of laws 
governing the growth of culture. There¬ 
fore, our endeavors must be directed to 
showing how such factors modify elemen¬ 
tary ideas. 

The first method that suggests itself and 
which has been generally adopted by mod¬ 
ern anthropologists is to isolate and classify 
causes by grouping the variants of certain 
ethnological phenomena according to exter¬ 
nal conditions under which the people live, 
among whom they are found, or to internal 
causes which influence their minds ; or in¬ 
versely, by grouping these variants accord¬ 
ing to their similarities. Then the corre¬ 
lated conditions of life may be found. 

By this method we begin to recognize 
even now with imperfect knowledge of the 
facts what causes may have been at work 
in shaping the culture of mankind. Fried¬ 
rich Batzel and W J McGee have investi¬ 
gated the influence of geographical environ¬ 
ment on a broader basis of facts than Bitter 
and Guyot were able to do at their time. 
Sociologists have made important studies 
on the effects of the density of population 
and of other simple social causes. Thus 
the influence of external factors upon the 
growth of society is becoming clearer. 


The effects of psychical factors are also 
being studied in the same manner. Stoll 
has tried to isolate the phenomena of sug¬ 
gestion and of hypnotism and to study the 
effects of their presence in the cultures of 
various peoples. Inquiries into the mutual 
relations of tribes and peoples begin to show 
that certain cultural elements are easily 
assimilated while others are rejected, and 
the time-worn phrases of the imposition of 
culture by a more highly civilized people 
upon one of lower culture that has been 
conquered are giving way to more thorough 
views on the subject of exchange of cultural 
achievements. In all these investigations 
we are using sound, inductive methods in 
order to isolate the causes of observed phe¬ 
nomena. 

The other question in regard to the uni¬ 
versal ideas, namely that of their origin, is 
much more difficult to treat. Many attempts 
have been made to discover the causes which 
have led to the formation of ideas f that de¬ 
velop with iron necessity wherever man 
lives. ? This is the most difficult problem 
of anthropology and we may expect that it 
will baffle our attempts for a long time to 
come. Bastian denies that it is possible to 
discover the ultimate sources of inventions, 
ideas, customs and beliefs which are of uni¬ 
versal occurrence. They may be indigenous, 
they may be imported, they may have arisen 
from a variety of sources, but they are there. 
The human mind is so formed that it invents 
them spontaneously or accepts them when¬ 
ever they are offered to it. This is the much 
misunderstood elementary idea of Bastian. 

To a certain extent the clear enunciation 
of the elementary idea gives us the psycho¬ 
logical reason for its existence. To exem¬ 
plify: the fact that the land of the shadows 
is so often placed in the west suggests the 
endeavor to localize it at the place where 
the sun and the stars vanish. The mere 
statement that primitive man considers 
animals as gifted with all the qualities of 
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man shows that the analogy between many 
of the qualities of animals and human quali¬ 
ties has led to the generalization that all the 
qualities of animals are human. In other 
cases the causes are not so self-evident. Thus 
the question why all languages distinguish 
between the self■ the person addressed and 
the person spoken of, and why most lan¬ 
guages do not carry out this sharp, logical 
distinction in the plural is difficult to an¬ 
swer. The principle when carried out con-* 
siStently requires that in the plural there 
should be a distinction between the 1 we ? 
expressing the self and the person addressed 
and the 1 we ? expressing the self and the 
person spoken of, which distinction is found 
in comparatively few languages only. The 
lesser liability to misunderstandings in the 
plural explains this phenomenon partly but 
hardly, adequately. Still more obscure is 
the psychological basis in other cases, for 
instance, in that of widely spread marriage 
customs. Proof of the difficulty of this 
problem is the multitude of hypotheses that 
have been invented to explain it in all its 
varied phases. 

In treating this, the most difficult problem 
of anthropology, the point of view is taken 
that if an ethnological phenomenon has 
developed independently in a number of 
places its development has been the same 
everywhere; or, expressed in a different 
form, that the same ethnological phenomena 
are always due to the same causes. This 
leads to the still wider generalization that the 
sameness of ethnological phenomena found 
in diverse regions is proof that the human 
mind obeys the same laws everywhere. It 
is obvious that if different historical devel¬ 
opments could lead to the same results, that 
then this generalization would not be ten¬ 
able. Their existence would present to us 
an entirely different problem, namely, how 
it is that the developments of culture so 
often lead to the same results. It must, 
therefore, be clearly understood that an¬ 


thropological research which compares sim¬ 
ilar cultural phenomena from various parts 
of the world, in order to discover the uni¬ 
form history of their development, makes 
the assumption that the same ethnological 
phenomenon has everywhere developed in 
the same manner. Here lies the flaw in 
the argument of the new method, for no 
such proof can be given. Even the most 
cursory review shows that the same phe¬ 
nomena may develop in a multitude of 
ways. 

I will give a few examples: Primitive 
tribes are almost universally divided into 
clans which have totems. There* can be no 
doubt that this form of social organization has 
arisen independently over and over again. 
The conclusion is certainly justified that 
the psychical conditions of man favor the 
existence of a totemistic organization of so¬ 
ciety, but it does not follow that totemistic 
society has developed everywhere in the 
same manner. Dr. Washington Matthews 
has shown that the totems of the Navajo 
have arisen by association of independent 
clans. Capt. Bourke has pointed out that 
similar occurrences gave origin to the 
Apache clans, and Dr. Fewkes has reached 
the same conclusion in regard to some of 
the Pueblo tribes. On the other hand, we 
have proof that clans may originate by 
division. I have shown that such events 
took place among the Indians of the North 
Pacific coast. Association of small tribes, 
on the one hand, and disintegration of in¬ 
creasing tribes, on the other, has led to re¬ 
sults which appear identical to all intents 
and purposes. 

Here is another example. Kecent inves¬ 
tigations have shown that geometrical de¬ 
signs in primitive art have originated either 
from naturalistic forms which were gradu¬ 
ally conventionalized or from technical 
motives, or that they were primarily geo¬ 
metrical or that they were derived from 
symbols. From all these sources the same 
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forms have developed. Out of designs 
representing diverse objects grew in course 
of time frets, meanders, crosses and the 
like. Therefore the frequent occurrence of 
these forms proves neither common origin 
nor that they have always developed accord¬ 
ing to the same psychical laws. On the 
contrary, the identical result may have 
been reached on four different lines ’of de¬ 
velopment and from an infinite number of 
starting points. 

Another example may not be amiss: The 
use of masks is found among a great num¬ 
ber of peoples. The origin of the custom 
of wearing masks is by no means clear in 
all cases, but a few typical forms of their 
use may easily be distinguished. They are 
used for deceiving spirits as to the identity 
of the wearer. The spirit of a disease who 
intends to attack the person does not recog¬ 
nize him when he wears a mask, and the 
mask serves in this manner as a protection. 
In other cases the mask represents a spirit 
which is personified by the wearer, who in 
this shape frightens away other hostile 
spirits. Still other masks are commemora¬ 
tive. The wearer personifies a deceased 
person whose memor}^ is to be recalled. 
Masks are also used in theatrical perform¬ 
ances illustrating mythological incidents.* 

These few data suffice to show that the 
same ethnical phenomenon may develop 
from different sources. The simpler the 
observed fact, the more likely it is that it 
may have developed from one source here, 
from another there. 

Thus we recognize that the fundamental 
assumption which is so often made by mod¬ 
ern anthropologists cannot be accepted as 
true in all cases. We cannot say that the 
occurrence of the same phenomenon is 
always due to the same causes, and that 
thus it is proved that the human mind 
obeys the same laws everywhere. We must 

* See Richard Andree. Ethnographische Parallelen 
und Vergleiche. Neue Folge, 1889 , pp. 107 ££. 


demand that the causes from which it de¬ 
veloped be investigated and that compari¬ 
sons be restricted to those phenomena which 
have been proved to be effects of the same 
causes. We must insist that this investi¬ 
gation be made a preliminary to all ex¬ 
tended comparative studies. In researches 
on tribal societies those which have devel¬ 
oped through association must be treated 
separately from those that have developed 
through disintegration. Geometrical de¬ 
signs which have arisen from convention¬ 
alized representations of natural objects must 
be treated separately from those that have 
arisen from technical motives. In short, 
before extended comparisons are made, the 
comparability of the material must be 
proved. 

The comparative studies of which I am 
speaking here attempt to explain customs 
and ideas of remarkable similarity which 
are found here and there. But they pur¬ 
sue also the more ambitious scheme of dis¬ 
covering the laws and the history of the 
evolution of human society. The fact that 
many fundamental features of culture are 
universal, or at least occur in many iso¬ 
lated places, interpreted by the assumption 
that the same features must always have 
developed from the same causes, leads to 
the conclusion that there is one grand sys¬ 
tem according to which mankind has de¬ 
veloped everywhere; that all the occurring 
variations are no more than minor details 
in this grand uniform evolution. It is clear 
that this theory has for its logical basis the 
assumption that the same phenomena are 
always due to the same causes. To give an 
instance : We find many types of structure 
of family. It can be proved that paternal 
families have often developed from mater¬ 
nal ones. Therefore, it is said, all paternal 
families have developed from maternal ones. 
If we do not make the assumption that the 
same phenomena have everywhere devel¬ 
oped from the same causes, then we may 


This content downloaded on Mon, 4 Mar 2013 12:54:24 PM 
All use subject to JSTOR Terms and Conditions 



December 18, 1896.] 


SCIENCE. 


905 


just as well conclude that paternal families 
have in some cases arisen from maternal 
institutions, in other cases in other ways. 
To give another example: Many concep¬ 
tions of the future life have evidently de¬ 
veloped from dreams and hallucinations. 
Consequently, it is said, all notions of this 
character have had the same origin. This 
is also true only if no other causes could 
possibly lead to the same ideas. 

We have seen that the facts do not favor 
the assumption of which we are speaking 
at all; that they much rather point in the 
opposite direction. Therefore we must also 
consider all the ingenious attempts at con¬ 
structions of a grand system of the evolu¬ 
tion of society as of very doubtful value, 
unless at the same time proof is given that 
the same phenomena could not develop by 
any other method. Until this is done, the 
presumption is always in favor of a variety 
of courses which historical growth may have 
taken. 

It will be well to restate at this place one 
of the principal aims of anthropological re¬ 
search. We agreed that certain laws exist 
which govern the growth of human culture, 
and it is our endeavor to discover these 
laws. The object of our investigation is to 
find the processes by which certain stages of 
culture have developed. The customs and 
beliefs themselves are not the ultimate ob¬ 
jects of research. We desire to learn the 
reasons why such customs and beliefs ex¬ 
ist—in other words, we wish to discover 
the history of their development. The 
method which is at present most frequently 
applied in investigations of this character 
compares the variations under which the 
customs or beliefs occur and endeavors to 
find the common psychological cause that 
underlies" all of them. I have stated that 
this method is open to a very fundamental 
objection. 

We have another method, which in many 
respects is much safer. A detailed study of 


customs in their bearings to the total cul¬ 
ture of the tribe practicing them, and in 
connection with an investigation of their 
geographical distribution among neighbor¬ 
ing tribes, afford us almost always a means 
of determining with considerable accuracy 
the historical causes that led to the forma¬ 
tion of the customs in question and to the 
psychological processes that were at work 
in their development. The results of in¬ 
quiries conducted by this method may be 
three-fold. They may reveal the environ¬ 
mental conditions which have created or 
modified cultural elements; they may clear 
up psychological factors which are at work 
in shaping the culture ; or they may bring 
before our eyes the effects that historical 
connections have had upon the growth of 
the culture. 

We have in this method a means of re¬ 
constructing the history of the growth of 
ideas with much greater accuracy than the 
generalizations of the comparative method 
will permit. The latter must always pro¬ 
ceed from a hypothetical mode of develop^- 
ment, the probability of which may be 
weighed more or less accurately by means 
of observed data. But so far I have not 
yet seen any extended attempt to prove the 
correctness of a theory by testing it at the 
hand of developments with whose histories 
we are familiar. This method of starting 
with a hypothesis is infinitely inferior to 
the one in which by truly inductive pro¬ 
cesses the actual history of definite phe¬ 
nomena is derived. The latter is no other 
than the much ridiculed historical method. 
Its way of proceeding is, of course, no 
longer that of former times when slight 
similarities of culture were considered 
proofs of relationships, but it duly recog¬ 
nizes the results obtained by comparative 
studies. Its application is based, first of 
all, on a well-defined, small geographical 
territory, and its comparisons are not ex¬ 
tended beyond the limits of the cultural 
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area that forms the basis of the study. 
Only when definite results have been ob¬ 
tained in regard to this area is it permis¬ 
sible to extend the horizon beyond its lim¬ 
its, but the greatest care must be taken not 
to proceed too hastily in this, as else the fun¬ 
damental proposition which I formulated be¬ 
fore might be overlooked, viz: that when 
we find an analogy of single traits of cul¬ 
ture among distant peoples the presump¬ 
tion is not that there has been a common 
historical source, but that they have arisen 
independently. Therefore the investigation 
must always demand continuity of distri¬ 
bution as one of the essential conditions for 
proving historical connection, and the as¬ 
sumption of lost connecting links must be 
applied most sparingly. This clear distinc¬ 
tion between the new and the old historical 
methods is still often overlooked by the 
passionate defenders of the comparative 
method. They do not appreciate the dif¬ 
ference between the indiscriminate use of 
similarities of culture for proving historical 
connection and the careful and slow de¬ 
tailed study of local phenomena. We no 
longer believe that the slight similarities 
between the cultures of Central America 
and of eastern Asia are sufficient and satis¬ 
factory proof of a historical connection. On 
the contrary, analogy of other similarities 
make such a connection improbable. But, 
on the other hand, no unbiased observer 
will deny that there are very strong reasons 
for believing that a limited number of cul¬ 
tural elements found in Alaska and in Siberia 
have a common origin. The similarities of 
inventions, customs and beliefs, together 
with the continuity of their distribution 
through a comparatively small area, are a 
satisfactory proof of this opinion. But it is 
not possible to extend this area safely be¬ 
yond the limits of Columbia River in 
America and northern Japan in Asia. This 
method of anthropological research is repre¬ 
sented in our country by Prof. F. W. Put¬ 


nam and Prof. Otis T. Mason ; in England 
by Dr. E. B. Tylor; in Germany by Fried¬ 
rich Ratzel and his followers. 

It seems necessary to say a word here in 
regard to an objection to my arguments 
that will be raised by investigators who 
claim that similarity of geographical en¬ 
vironment is a sufficient cause for similarity 
of culture, that is to say, that, for instance, 
the geographical conditions of the plains of 
the Mississippi basin necessitate the devel¬ 
opment of a certain culture. There are 
those who would even go so far as to be¬ 
lieve that similarity of form of language 
may be due to environmental causes. En¬ 
vironment has a certain limited effect upon 
the culture of man, but' I do not see how 
the view that it is the primary moulder of 
culture can be supported by any facts. A 
hasty review of the tribes and peoples of 
our globe shows that people most diverse 
in culture and language live under the same 
geographical conditions, as proof of which 
may be mentioned the ethnography of East 
Africa or of New Guinea. In both these re¬ 
gions we find a great diversity of customs 
in small areas. But much more important 
is this: Not one observed fact can be 
brought forward in support of this hypothe¬ 
sis which cannot be much better explained 
by the well known facts of diffusion of cul¬ 
ture; for archaeology as well as ethno¬ 
graphy teach us that intercourse between 
neighboring tribes has always existed and 
has extended over enormous areas. In the 
Old World the products of the Baltic found 
their way to the Mediterranean and the 
works of art of the eastern Mediterranean 
reached Sweden. In America the shells of 
the ocean found their way into the inner¬ 
most parts of the continent and the obsidians 
of the West were carried to Ohio. Inter¬ 
marriages, war, slavery, trade, have been 
so many sources of constant introduction 
of foreign cultural elements, so that an 
assimilation of culture must have taken 
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place over continuous areas. Therefore, it 
seems to my mind that where among neigh¬ 
boring tribes an immediate influence of en¬ 
vironment cannot be shown to exist, the 
presumption must always be in favor of 
historical connection. There has been a 
time of isolation during which the principal 
traits of diverse cultures developed accord¬ 
ing to the character and environment of the 
tribes. But the stages of culture represent¬ 
ing this period have been covered with so 
much that is new and that is due to con¬ 
tact with foreign tribes that they cannot 
be discovered without the most painstaking 
isolation of foreign elements. 

The immediate results of the historical 
method are, therefore, histories of the cul¬ 
tures of diverse tribes which have been the 
subject of study. I fully agree with those 
anthropologists who claim that this is not 
the ultimate aim of our science, because the 
general laws, although implied in such a 
description, cannot be clearly formulated 
nor their relative value appreciated without 
a thorough comparison of the manner in 
which they assert themselves in different 
cultures. But I insist that the application 
of this method is the indispensable condition 
of sound progress. The psychological prob¬ 
lem is contained in the results of the his¬ 
torical inquiry. When we have cleared up 
the history of a single culture and under¬ 
stand the effects of environment and the 
psychological conditions that are reflected 
in it we have made a step forward, as we 
can then investigate in how far the same 
causes or other causes were at work in the 
development of other cultures. Thus by 
comparing histories of growth general laws 
may be found. This method is much safer 
than the comparative method, as it is 
usually practiced, because instead of a 
hypothesis on the mode of development 
actual history forms the basis of our deduc¬ 
tions. 

The historical inquiry must be consid¬ 


ered the critical test that science must 
require before admitting facts as evidence. 
By its means the comparability of the col¬ 
lected material must be tested, and uni¬ 
formity of processes must be demanded as 
proof of comparability. It may also be 
mentioned that when historical connection 
between two phenomena can be proved, 
they must not be admitted as independent 
evidence. 

In a few cases the immediate results of 
this method are of so wide a scope that they 
rank with the best results that can be at¬ 
tained by comparative studies. Some phe¬ 
nomena have so immense a distribution 
that the discovery of their occurrence over 
very large continuous areas proves at once 
that certain phases of the culture in these 
areas have sprung from one source. Thus 
are illuminated vast portions of the early 
history of mankind. When Prof. Morse 
showed that certain methods of arrow 
release are peculiar to whole continents it 
became clear at once that the common 
practice that is found over a vast area must 
have had a common origin. When the 
Polynesians employ a method of fire making 
consisting in rubbing a stick along a groove, 
while almost all other peoples use the fire 
drill, it shows their art of fire making has a 
single origin. When we notice that the 
ordeal is found all over Africa in certain 
peculiar forms, while in those parts of the 
inhabited world that are remote from 
Africa it is found not at all or in rudi¬ 
mentary forms only, it shows that the idea 
as practiced in Africa had one single origin. 

The great and important function of the 
historical method of anthropology is thus 
seen to lie in its ability to discover the pro¬ 
cesses which in definite cases led to the de¬ 
velopment of certain customs. If anthro¬ 
pology desires to establish the laws govern¬ 
ing the growth of culture it must not con¬ 
fine itself to comparing the results of the 
growth alone, but whenever such is feasible 
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it must compare the processes of growth, 
and these can be discovered by means of 
studies of the cultures of small geographi¬ 
cal areas. 

Thus we have seen that the comparative 
method can hope to reach the grand results 
for which it is striving only when it bases 
its investigations on the historical results 
of researches which are devoted to laying 
clear the complex relations of each indi¬ 
vidual culture. The comparative method 
and the historical method, if I may use 
these terms, have been struggling for 
supremacy for a long time, but we may 
hope that each will soon find its appropriate 
place and function. The historical method 
has reached a sounder basis by abandoning 
the misleading principle of assuming con¬ 
nections wherever similarities of culture 
were found. The comparative method, 
notwithstanding all that has been said and 
written in its praise, has been remarkably 
barren of definite results, and I believe it 
will not become fruitful until we renounce 
the vain endeavor to construct a uniform sys¬ 
tematic history of the evolution of culture, 
and until we begin to make our compari¬ 
sons on the broader and sounder basis which 
I ventured to outline. Up to this time we 
have too much reveled in more or less in¬ 
genious vagaries. The solid work is still 
all before us. Franz Boas. 


PRINCETON IN THE NATION’S SERVICE* 
It used to be taken for granted—did it 
not ?—that colleges would be found always 
on the conservative side in politics (except 
on the question of free trade) ; but in this 
latter day a great deal has taken place 
which goes far toward discrediting the pre¬ 
sumption. The college in our day lies very 
near, indeed, to the affairs of the world. It 
is a place of the latest experiments; its 

* Concluding part of Prof. Woodrow Wilson’s 
oration at the Princeton Sesquicentennial Exercises. 
Reprinted from The Forum for December, 1896 . 


laboratories are brisk with the spirit of dis¬ 
covery ; its lecture rooms resound with the 
discussion of new theories of life and novel 
programmes of reform. There is no radical 
like your learned radical, bred in the 
schools; and thoughts of revolution have 
in our time been harbored in universities 
as naturally as they were once nourished 
among the Encyclopedists. It is the scien¬ 
tific spirit of the age which has wrought 
the change. I stand with my hat off at 
very mention of the great men who have 
made our age an age of knowledge. No 
man more heartily admires, more gladly 
welcomes, more approvingly reckons the 
gain and the enlightenment that have come 
to the world through the extraordinary ad¬ 
vances in physical science which this great 
age has witnessed. He would be a barba¬ 
rian and a lover of darkness who should 
grudge that great study any part of its tri¬ 
umph. But I am a student of society and 
should deem myself unworthy of the 
comradeship of great men of science should 
I not speak the plain truth with regard to 
what I see happening under my own eyes. 
I have no laboratory but the world of books 
and men in which I live ; but I am much 
mistaken if the scientific spirit of the age 
is not doing us a great disservice, working 
in us a certain great degeneracy. Science 
has bred in us a spirit of experiment and 
a contempt for the past. It has made us 
credulous of quick improvement, hopeful of 
discovering panaceas, confident of success 
in every new thing. 

I wish to be as explicit as carefully 
chosen words will enable me to be upon a 
matter so critical, so radical as this. I 
have no indictment against what science 
has done: I have only a warning to utter 
against the atmosphere which has stolen 
from laboratories into lecture rooms and 
into the general air of the world at large. 
Science—our science—is new. It is a child 
of the ninteenth century. It has trans- 
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THE RELATIONS BETWEEN THE VARIA¬ 
BILITY OF ORGANISMS AND THAT OF 
THEIR CONSTITUENT ELEMENTS. 

In a study of the varying forms of organ¬ 
isms we may either direct our attention 
to the variability of the organism, as a 
Whole, or to the variability of its con¬ 
stituent elements. When two organisms 
differ in form, their differences are neces¬ 
sarily founded on differences in the forms 
of their corresponding parts, and we are 
justified in assuming each of these * parts 
as very small. The corresponding parts 
may consist of homologous cell groups, of 
individual cells, or of other small homol¬ 
ogous elements of the two organisms. 
These small elements may differ in size and 
form, and new elements may also be added 
in the one or the other organism, so that 
there may also be a difference in the num¬ 
ber of elements. The difference between the 
two organisms may then be considered as a 
resultant of the differences between their 
constituent elements. Therefore, there 
must be a certain definite relation between 
the variability of the elements and that of 
the whole organism. 

In order to make this clear we will, for 
a moment, consider the elements as inde¬ 
pendent units, not as parts of an organic 
whole. In this case, each element would 
be entirely independent of the other. 
When we consider two organisms thus con- 
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stituted in which the total number of cells 
is the same, we find that they cannot pos¬ 
sess any variability, because the variations 
of the constituent cells would compensate 
each other. This can be proven as follows: 
If we determine the form of an organism 
by a number of measurements taken in 
various directions, then each measurement 
may be considered as made up of many con¬ 
stituent elements. On the average, the 
variability of the combined elements will 
be proportionate to the square root of the 
number of elements, while the value of the 
total length of the combined elements will 
be proportionate to their number. If, 
therefore, the number of elements is very 
great—and there is nothing to hinder us 
in assuming each element as very small and 
their number as very great—the variability 
of the whole measurement must be very 
small, according to the small value of the 
proportion between the square root of the 
number of elements, and the number of 
elements. Since this contradicts the fact 
that all organisms are variable, it follows 
that the elements cannot be constant in 
number and mutually independent. This 
conclusion is obvious from a morphological 
point of view, but it seemed desirable to 
point out that the independence and con¬ 
stant number of elements would entail lack 
of variability in the whole organism. 

If the elements were independent of each 
other but varied in number, we might as¬ 
sume in accordance with morphological ob¬ 
servation that each group of elements had 
a certain limited period of multiplication 
which proceeds at a definite average rate. 
Then it may be said that this period under¬ 
goes certain changes that are due to chance. 
If this were the case, the size of the organ 
would increase approximately in geometric¬ 
al progression when the period increases 
in arithmetical progression. 

It is probable that, on the whole, the 
periods of development of various organisms 


vary around the typical period accordingto 
the laws of chance. Then the frequencies of 
periods belonging to different individuals 
would be arranged symmetrically around the 
typical period, while the measurements cor¬ 
responding to each period and belonging to 
different individuals would be arranged 
asymmetrically around the type, in accord¬ 
ance with the relations between size and 
period. It is quite evident that the ob¬ 
served distributions of variations around a 
type do not generally conform with a law 
of this character, and therefore this theory 
must also be rejected as insufficient, al¬ 
though we recognize that it may explain a 
part of the general phenomena of varia¬ 
bility. 

It is, therefore, necessary to assume the 
elements of organisms to be correlated. 
This is entirely in accord with the evidence 
of morphology and of pathology. If the 
number of elements is assumed as constant, 
it is easy to determine what the results of 
such correlation must be. ‘ Correlation ? 
means that the change in form and size of 
one element influences more or less the 
forms and sizes of other elements. Such 
correlated elements may either be con¬ 
tiguous, or they may be related in some 
other way. The degree of their relation 
may be expressed by an index of correla¬ 
tion. 

If the correlation of all the elements were 
perfect, that is to say, if a change in one 
would necessitate a corresponding change 
of a certain definite amount in all the 
others, the variability of the whole organ¬ 
ism would be proportioned to the average 
variability and number of the homologous 
elements. This condition is as unlikely as 
that of complete independence of the ele¬ 
ments. We must draw the conclusion that 
the variability of the organism as a whole 
will always be less, in proportion to its size, 
than the variability of its constituent ele¬ 
ments; or, as we might perhaps say, the 
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variability of the individual cells that con¬ 
stitute an organism must always be greater 
than the variability of the whole organism. 

It may be well to illustrate the effects of 
correlation by assuming simplified condi¬ 
tions of correlation. 

Assuming first, that the elements may be 
classed in a limited number of groups, each 
consisting of interdependent elements, so 
that the enlargement of one element of each 
group would necessitate a definite amount 
of enlargement of all the others. Further¬ 
more be it assumed that the chances of a 
small number of these groups being en¬ 
larged are subject to accidental causes. 
Then the probability that one, two, three, 
or more of these groups are affected can be 
calculated according to the binomial law. 
Each group would contribute a definite, in¬ 
variable amount to the total variability and 
the general variability would, therefore, 
also conform to the binomial law. 

We will next assume a case which is 
somewhat nearer natural conditions. When 
we count and measure the total number of 
elements in all the individuals of a vari¬ 
able series, we obtain certain definite num¬ 
bers of elements of various sizes and we 
can express numerically the frequency or 
probability of each size. In order to sim¬ 
plify matters, we will speak only of ele¬ 
ments of decreased size and of enlarged 
size. The proportion of these two classes is 
definite in the total number of elements be¬ 
longing to the different organisms of the 
series. If inside of each organism there 
were no correlation, then the proportion of 
large and small elements in each organism 
would, on account of the great number of 
elements, correspond to their proportions 
in the whole mass of elements. On account 
of the existence of correlations in each 
organism the occurrence of each enlarged 
element will have the effect, that an addi¬ 
tional number of enlarged elements may be 
expected in the same organism, and the 


occurrence of an element of decreased size 
will add to the probability of elements of 
this character in the organism in which it 
occurs. The arrangement of these elements 
becomes, therefore, similar to that in a 
mechanical mixture of elements of two 
sizes, which are not uniformly distributed, 
but in which large and small parts cluster 
together. It is quite clear that the varia¬ 
bility of distribution in such a mixture 
must be quite different from that found in 
cases of even mixture. It will depend en¬ 
tirely upon the distribution of large and 
small elements, and the number of ele¬ 
ments of both classes that are found in a 
unit of space, how their proportion in each 
unit of space will vary. 

We may obtain an insight into such 
variabilities by a consideration of the re¬ 
sults obtained by taking a certain number 
of contiguous balls out of a row containing 
large and small balls that are not thor¬ 
oughly mixed. The two arrangements 
given under 1 and 2 may serve as examples: 

1 • • • • t t t • • • 

2 . ••• *•*•••• 

If four contiguous balls are taken out of 
each of these rows, we find that in the 
drawings made from the two series large 
balls occur as follows: 



Series 1. 

Series 2. 

4 large balls 

1 Time 

0 Times 

3 <f 

2 Times 

3 “ 

2 “ “ 

2 “ 

3 » 

1 “ ball 

2 “ 

1 Time 


Evidently, the distribution in cases of 
this kind cannot be foretold. This result 
may be expressed in a more general form 
as follows: If only one series of elements 
of an organism are interdependent, and all 
the others independent, the variability of 
form of all the individuals will depend 
primarily upon the distribution of disturb¬ 
ances in the interdependent elements in the 
whole series of individuals. Therefore the 
distribution of variations cannot be fore- 
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told. The same is true if the number of 
groups of interdependent elements is small. 

When, however, the number of these 
groups of interdependent elements is some¬ 
what greater and each group of correlations 
is independent of the other, then the con¬ 
ditions approach again those described be¬ 
fore, when we assumed a number of groups 
in which the size of one element of a group 
determines the sizes of all the other ele¬ 
ments of the same group. We may then 
expect to find a distribution the type of 
which is determined by the binomial law, 
because the combinations of groups that 
occur in each individual are determined by 
this law, while the law must be modified by 
the variability of the size of each correlated 
group, taken as a total. It is quite evident 
that the resultant curve must be similar in 
its general character to the series of bi¬ 
nomial points, but continuous on account of 
the variability of each group. This phe¬ 
nomenon is still further complicated by the 
variation in the number of elements, the 
effect of which was discussed before. 

We may reach the same result by assum¬ 
ing that the form of the whole organism is 
affected by a limited number of causes 
variable in intensity, each of which in¬ 
fluences to a measurable degree the form of 
the organism. The combination of such 
groups of independent causes, limited in 
number and each having measurable results 
will bring about a distribution of varia¬ 
tions of the same character as the one de¬ 
scribed before. The phenomenon, ex¬ 
pressed in this manner, does not differ from 
the expression found before, because it does 
not seem probable that each cause would 
affect all the elements comprising the or¬ 
ganism in the same manner. It seems much 
more likely that certain groups of elements 
will be affected more by one cause than by 
another. At the same time, it is possible 
that the same element may be subject to 
several causes and thus belong to various 


groups of correlated elements. Karl Pear¬ 
son ’s discussions have shown that many dis¬ 
tributions can be explained satisfactorily 
by assuming that they correspond to a con¬ 
tinuous function determined by the points 
binomial. 

It will be noted that, on the whole, the 
greater a variable measurement, the more 
nearly will the distribution of variations be 
symmetrical and in conformity with the 
exponential law. This may be expected, 
because the greater the measurement, the 
greater will probably be the number of in¬ 
dependent, correlated groups. The in¬ 
crease of their number necessitates an ap¬ 
proach to the exponential law. On the 
other hand, the smaller the measurement, 
the more probable that a great part of its 
constituent elements are subject to the 
same causes, so that the conditions are 
favorable to the combination of a small 
number of independent causes, each of 
which brings about considerable variation, 
so that we may expect as a resultant skew 
distributions of variations. 

It would seem, therefore, that the whole 
range of phenomena of variability can be 
understood on the basis of our conception 
of the relations between the variability of 
the small constituent elements of an organ¬ 
ism and the variability of the organism 
itself. We are justified in drawing the fol¬ 
lowing conclusions: 

1. The elements of organisms are more 
variable than the organisms themselves. 

2. The elements of organisms vary in 
correlated groups. 

3. The characteristics of the variability 
of an organism depend upon the correla¬ 
tions of its constituent elements, so that a 
knowledge of these correlations will enable 
us to determine the characteristics of the 
variability of the organism. 

It follows from this that the problem of 
variability may be treated by a study of 
the variability and of the correlations of 
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the constituent elements of organisms. The 
study of physiological and pathological 
variations that elucidate correlations will, 
therefore, be a most powerful factor in the 
discussion of the problem of variability. 

This point of view coincides closely with 
that of Rudolf Virchow who has always 
emphasized that the clue for the problems 
of variability must be looked for in the 
study of cellular variation. 

Under certain simplified assumptions the 
problem, as here defined, may be made 
amenable to statistical treatment. If all 
the contributory causes *of variation are 
given equal weight, and if it is assumed 
that the index of correlation for all the 
groups is the same, then it is only necessary 
to determine four unknown quantities: the 
total number of causes (or correlated 
groups); the probable number of causes 
(or correlated groups); the amount of in¬ 
fluence of each cause (or correlated group) 
upon the whole organism; the variability 
of the effect of each cause (or correlated 
group) upon the whole organism. These few 
data can be calculated without any great 
difficulty from the averages of the first four 
powers of the individual variations. This 
method may be serviceable as long as the 
actual correlations are unknown. 

Still another conclusion may be drawn 
from our considerations. We have seen 
that the variability of an organism depends 
upon the correlations of its elements, and 
that the variability must be the greater the 
closer these correlations and the less the num¬ 
ber of correlated groups. At the same time, 
the variations will be the more likely to 
have skew distributions, the less the num¬ 
ber of correlated groups. A disturbance in 
one element of an organism thus consti¬ 
tuted must, therefore, result in a consider¬ 
able variation of the whole. That is to 
say, that in the case of skew distributions of 
variations we may expect sudden transfor¬ 
mations of type due to small causes. In 


organisms in which the variability is sym¬ 
metrical, we may generally expect the 
whole form to be controlled by many in¬ 
dependent causes, or by many independent 
groups of correlated elements. In this case, 
the changes of form due to small changes 
of conditions will probably be less marked. 

The principal advantage of the method 
of considering variation that has been here 
suggested is that the occurrence of varia¬ 
tions in fixed lines, that are so difficult to 
understand, may be considered as a result 
of chance variation of small elements and 
of physiological correlation. Both of these 
are much more readily understood than a 
variation of form that does not show any 
immediate relation to the causes producing 
the variation. 

It has often been asserted, or assumed, 
that skew distribution of variations is a 
proof of the effect of selection, or of some 
other kind of instability of type. Our con¬ 
siderations have shown that this is not 
necessarily the ease. Skew distributions 
may be found in stable forms. On the 
whole, it does not seem possible to discover 
by purely statistical methods the causes 
of skewness. The numerical material ob¬ 
tained by measurements can be made to fit 
satisfactorily many theories that would ac¬ 
count for the skewness. It is necessary to 
base such theories on biological, investiga¬ 
tions and to subordinate our statistical 
methods to the biological point of view. 
Otherwise the result of statistical inquiry 
will be of little use and may even become 
quite misleading. 

Franz Boas. 


ON THE TRUE NATURE OF TAMI 080 MA* 
In 1856 the late T. A. Conrad described a 
remarkable fossil from California, under 
the name of Tamiosoma gregaria, composed 
of large tubes with a longitudinal cellular 

* Communicated by permission of the Director 
of the U. S. Geological Survey. 
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longer period in consequence before explosive 
conditions are again reached. 

With the kind assistance of Professor L. S. 
Marks, the writer has attempted to determine 
the next date when Pelee is likely to erupt 
violently. Lacroix’s latest observations, of 
November 4, indicate that the volcano is still 
intensely active, and this suggests that the 
final culmination did not come in August, as 
was the case with Krakatoa. An examination 
of the intervals and their differences shows 
that no simple arithmetical law will serve for 
the progression shown. A graphical solution 
may be obtained by platting a curve for the 
known intervals and extending this curve to 
cover the next interval. Professor Marks used 
this method; the extension of a smooth curve 
through the dates from May 8 to August 30 
inclusive indicates that the next interval is 
about 112 days, if the same law holds. There 
is no simple analytical solution of the curve. 

This would give December 20 or there- 
abouts as the date of the next great erup¬ 
tion of Mont Pelee. A French astronomer 
has predicted an eruption December 16,* be¬ 
cause at that time the moon will be full, and 
when over Martinique will be at that point in 
her orbit nearest to the earth, and hence the 
lunar pull will be at a maximum with refer¬ 
ence to any possible local instability in the 
earth’s outer rock-film. It has been suggested 
that earlier eruptions were in singular coin¬ 
cidence with moon phases. 

So far as prediction is possible, therefore, 
on the basis of such insufficient data, two lines 
of reasoning suggest mid-December as a time 
when a great eruption of Mont Pelee is likely 
to occur. T. A. Jaggar, Jr. 

Harvard University, 

November 18 , 1902 . 

SHORTER ARTICLES. 

THE ETHNOLOGICAL SIGNIFICANCE OF ESOTERIC 
DOCTRINES. 

In recent years the study of the esoteric 
teachings found in American tribal society 
has become one of the favorite subjects of 
research of ethnologists. The symbolic sig- 

* L’Opinion, Fort de France, Martinique. 
October 21 , 1902 . 


nificance of complex rites, and the philosophic 
views of nature which they reveal, have come 
to us as a surprise, suggesting a higher devel¬ 
opment of Indian culture than is ordinarly 
assumed. The study of these doctrines con¬ 
veys the impression that the reasoning of the 
Indian is profound, his emotions deep, his 
ethical ideals of a high quality. 

It seems worth while to consider briefly the 
conditions under which these esoteric doctrines 
may have developed. Two theories regarding 
their origin suggest themselves: the esoteric 
doctriqe may have originated among a select 
social group, and the exoteric doctrine may 
represent that part of it that leaked out and 
became known, or was made known, to the 
rest of the community; but it may also be that 
the esoteric doctrine developed among a select 
social group from the current beliefs of the 
tribe. 

It seems to my mind that the second theory 
is the more plausible one, principally for the 
reason that the contents of the teachings 
among different tribes are often alike, no mat¬ 
ter how much the systems may differ. Almost 
all the rituals that are the outward expression 
of esoteric doctrines appear to be old, and 
many have probably existed, almost in their 
present form, for considerable periods. Never¬ 
theless, there is ample evidence of frequent 
borrowing and changes of sacred rites. Ex¬ 
amples are the Sun Dance, various forms of 
the Ghost Dance, and the Mescal ceremonials. 
Miss Fletcher has called attention to the fact 
that Pawnee rituals have influenced the de¬ 
velopment of the rites of many tribes of the 
Plains. I might add similar examples from 
the Pacific coast, such as the transmission of 
Kwakiutl rituals to neighboring tribes. 

There is also abundant proof showing that 
the mythologies of all tribes, notwithstanding 
the sacredness of some of the myths, contain 
many elements that can be proved to be of 
foreign origin. It seems very likely that sim¬ 
ilar conditions prevailed in the past, because 
the wide distribution of many cultural fea¬ 
tures can be understood only as the effect of 
a long-continued process of borrowing and 
dissemination. 

Since the esoteric teaching refers to the 
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rituals, and is often largely based on mytho¬ 
logical conceptions, it seems plausible that it 
should have developed as a more or less con¬ 
scious attempt at systematizing the hetero¬ 
geneous mass of beliefs and practices current 
in the tribe. Whenever a certain ceremonial 
came to be placed in charge of a small social 
group, were they chiefs, priests or simply 
men of influence, the conditions must have 
been favorable for the development of an 
esoteric doctrine. The thoughts of the. men 
charged with the keeping of sacred rites must 
have dwelt on philosophical or religious ques¬ 
tions, and it would seem natural that in the 
succession of generations the sacredness of 
the rite grew, and its philosophic significance 
increased in depth. 

If this view is correct, the esoteric doctrine 
must have been evolved on the foundation of 
the general culture of the tribe, and must be 
considered as a secondary phenomenon the 
character of which depends upon the exoteric 
doctrine. 

The opposite view, that the exoteric doctrine 
is a degenerate form of esoteric teaching, does 
not seem to me equally plausible, because it 
presupposes a highly complex system of ac¬ 
tions and opinions originating spontaneously 
in a selected group of individuals. It is diffi¬ 
cult to conceive how, in tribal society, condi¬ 
tions could have prevailed that would make 
such a development possible. This theory 
would seem to presuppose the^ occurrence of a 
general decay of culture. There is no reason 
that compels us to assume that such a decay 
has taken place, although it may have oc¬ 
curred in exceptional cases. If, on the other 
hand, we assume that the esoteric doctrine 
developed from popular beliefs, we do not 
need to assume any cultural conditions ma¬ 
terially different from those found at the 
present time. It is quite evident that the 
esoteric doctrine, after it was once established, 
influenced, in its turn, popular belief, and 
that, therefore, there is a mutual and probably 
inextricable interrelation between the two doc¬ 
trines. 

If these considerations are correct, then the 
esoteric doctrine must, to a great extent, be 
considered as the product of individual 


thought. It expresses the reaction of the 
best minds in the community upon the gen¬ 
eral cultural environment. It is their at¬ 
tempt to systematize the knowledge that 
underlies the culture of the community. In 
other words, this doctrine must be treated 
like any other system of philosophy, and its 
study has the same aims as the study of the 
history of philosophy. 

Two characteristics of esoteric doctrine are 
quite striking. The first is that at the bottom 
of each doctrine there seems to be a certain 
line of thought which is applied to the whole 
domain of knowledge, and which gives the 
whole doctrine its essential character. This 
line of thought depends upon the general 
character of the culture of the tribe, but 
nevertheless has a high degree of individu¬ 
ality in each tribe. The theory of the universe 
seems to be based on its schematic applica¬ 
tion. The second characteristic is that, not¬ 
withstanding this systematization of knowl¬ 
edge, there remain many ideas that are not 
coordinated with the general system, and that 
may be quite out of accord with it. In such 
cases the contradiction between the general 
scheme and special ideas often escapes en¬ 
tirely the notice of the native philosophers. 
This phenomenon is quite analogous to the 
well-known characteristics of philosophic sys¬ 
tems which bear the stamp of the thought of 
their time. The philosopher does not analyze 
each and every conclusion, but unconsciously 
adopts much of the current thought of his 
environment ready-made. 

The theories regarding the origin of esoteric 
doctrine may be proved or disproved by a care¬ 
ful study of its relations to popular beliefs 
and to esoteric doctrines found among neigh¬ 
boring tribes. It is evident that the material 
needed for the solution of the problem included 
both the esoteric teaching and the popular 
forms of belief. 

What has been said before shows that, to 
the ethnologist, the problem of the genesis of 
exotery is of no less importance than that of 
esotery. However we may consider the origin 
of the latter, it must be admitted that it is 
the expression of thought of the exceptional 
mind. It is not the expression of thought 
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of the masses. Ethnology, however, does not 
deal with the exceptional man; it deals with 
the masses, and with the characteristic forms 
of their thoughts. The extremes of the 
forms of thought of the most highly developed 
and of the lowest mind in the community are 
of interest only as special varieties, and in 
so far as they influence the further develop¬ 
ment of the thought of the people. It may, 
therefore, be said that the exoteric doctrine 
is the more general ethnic phenomenon, the 
investigation of which is a necessary founda¬ 
tion for the study of the problems of esoteric 
teaching. 

It is, therefore, evident that we must not, 
in our study of Indian life, seek for the high¬ 
est form of thought only, which is held by 
the priest, the chief, the leader. Interesting 
and attractive as this field of research may 
be, it is supplementary only to the study of 
the thoughts, emotional life, and ethical stand¬ 
ards of the common people, whose interests 
center in other fields of thought and of whom 
the select class forms only a special type. 

It has taken many years for the study of 
the culture of civilized peoples to broaden out 
so as to take in not only the activities of the 
great, but also the homely life of the masses. 
The appreciation of the fact that the actions 
of each individual have their roots in the 
society in which he lives, has developed only 
recently, and has led to the intensive study 
of folk-lore and folk-customs that is charac¬ 
teristic of our times. It seems peculiar that, 
with increasing knowledge of the more com¬ 
plex forms of Indian culture, we seem to be 
losing interest in the popular belief; that we 
look for the true inward significance of cus¬ 
toms among the select few, and become in¬ 
clined to consider as superficial the study of 
the simpler and cruder ideas and ideals of 
the common folk. If it is true that for a 
full understanding of civilized society the 
knowledge of the popular mind is a necessity, 
it is doubly true in more primitive forms of 
society, where the isolation of social groups 
is very slight, and where each and every in¬ 
dividual is connected by a thousand ties with 
the majority of the members of the tribe to 
which he belongs. 


Ear be it from me to deprecate the im¬ 
portance of studies of the philosophies de¬ 
veloped by the Indian mind. Only let us 
not lose sight of their intimate relation to 
the popular beliefs, of the necessity of study¬ 
ing the two in connection with each other, 
and of the error that we should commit if we 
should consider the esoteric doctrine, and the 
whole system of thought and of ethical ideals 
which it represents, as the only true form of 
the inner li^e of the Indian. 

Eranz Boas. 


THE ROYAL SOCIETY'S CATALOGUE OF 
SCIENTIFIC PAPERS. 

The following memorandum has been is¬ 
sued by the treasurer of the Boyal Society: 

The Royal Society has been engaged con¬ 
tinuously during the past forty years in cata¬ 
loguing the various scientific papers which 
have been issued in all parts of the world 
since the beginning of the last century. The 
original scheme of the, ‘ Catalogue of Scien¬ 
tific Papers’ provided that the papers should 
be catalogued only under the names of their 
respective authors, arranged alphabetically. 
This c Authors’ Catalogue ’ has now been 
carried down to the end of 1883, and com¬ 
prises twelve quarto volumes. 

More recently it has been decided to pre¬ 
pare also a subject index of the same papers 
—that is to say, a catalogue in which the 
papers are indexed according to the subject- 
matter of which they treat. Considerable 
progress has been made with this subject in¬ 
dex, though nothing has as yet been published. 

The expense of this work has been very 
large, since, although a great amount of 
gratuitous labor has been readily given by 
fellows of the society, it has been necessary 
to employ a considerable permanent salaried 
staff upon the preparation of the copy for the 
press. At first the printing and publication 
were undertaken by H.M. Stationery Office, 
the treasury having determined that the cata¬ 
logue should be printed at the public expense. 
In coming to this conclusion the Lords of the 
Treasury stated that they had regard c to the 
importance of the work with reference to the 
promotion of scientific knowledge generally. 
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SOME TRAITS OF PRIMITIVE CULTURE. 

The needs of anthropological research have led many investigators 
to adapt themselves as thoroughly as may be to the ways of thinking 
of foreign tribes and peoples, — to take part in the joys and sorrows 
of their life, to penetrate the motives that prompt their actions, and 
to share the emotions that fill their hearts. The experiences thus 
gathered have led many of us to think that the gulf does not exist 
that was once believed to separate the mind of primitive man from 
that of civilized man. The difference between the type of primitive 
thought and feeling and that of our own appears to us rather as a 
product of the diversity of the cultures that furnish the material with 
which the mind operates than as the result of a fundamental differ¬ 
ence in mental organization. 

Nevertheless we cannot close our eyes to the typical differences 
that do exist between the modes of thought and action characteristic 
of primitive society and of civilized society, and the question of their 
origin must be considered one of the great problems of anthropo¬ 
logical research. 

In the following remarks I will try to formulate anew one trait of 
primitive mental life that early attracted the attention of investigators, 
namely, the general lack of differentiation of mental activities. In 
primitive life, religion and science; music, poetry, and dance; myth 
and history; fashion and ethics, — appear to us inextricably inter¬ 
woven. We may express this general observation also by saying 
that primitive man views each action not only as adapted to its main 
object, each thought as related to its main end, as we should per¬ 
ceive them, but that he associates them with other ideas, often of 
a religious or at least of a symbolic nature. Thus he gives them a 
higher significance than they seem to us to deserve. Every taboo 
is an example of such associations of apparently trifling actions with 
ideas that are so sacred that a deviation from the customary mode 
of performance creates the strongest emotions of abhorrence. The 
interpretation of ornaments as charms, the symbolism of decorative 
art, are other examples of association of ideas, that, on the whole, 
are foreign to our mode of thought. 

In order to make clear the point of view from which these phe¬ 
nomena seem to fall into an orderly array, we will investigate whether 
all vestiges of similar forms of thought have disappeared from our 
civilization. In our intense life, which is devoted to activities re¬ 
quiring the full application of our reasoning powers and a repres¬ 
sion of the emotional life, we have become accustomed to a cold, 
matter-of-fact view of our actions, of the incentives that lead to them, 
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and of their consequences. It is not necessary, however, to go far 
afield to find a state of mind which is open to other aspects of life. 
If those among us who move in the midst of the current of our 
quickly pulsing life do not look beyond their rational motives and 
aims, others who stand by in quiet contemplation recognize in it the 
reflection of an ideal world that they have built up in their own con¬ 
sciousness. To the artist the outer world is a symbol of the beauty 
that he feels ; to the fervent religious mind it is a symbol of the 
transcendental truth which gives form to his thought. Instrumental 
music that one enjoys as a work of purely musical art calls forth in 
the mind of another a group of definite concepts that are connected 
with the musical themes and their treatment only by the similarity 
of the emotional states they evoke. In fact, the different manner in 
which individuals react to the same stimulus, and the variety of asso¬ 
ciations elicited by the same sense-impression in different individuals, 
are so self-evident that they hardly call for special remarks. 

More important, for the purpose of our investigation, than the 
observations just mentioned, is the fact that there are certain stimuli 
to which all of us who live in the same society react in the same way 
without our being able to express the reasons for our actions. A 
good example of what I refer to are breaches of social etiquette. A 
mode of behavior that does not conform to the customary manners, 
but differs from them in a striking way, creates, on the whole, 
unpleasant emotions ; and it requires a determined effort on our part 
to make it clear to ourselves that such behavior does not conflict with 
moral standards. Among those who are not trained in courageous 
and rigid thought, the confusion between traditional etiquette — 
so-called good manners — and moral conduct is habitual. In certain 
lines of conduct the association between traditional etiquette and 
ethical feeling is so close that even a vigorous thinker can hardly 
emancipate himself from it. This is true, for instance, of acts that 
may be considered breaches of modesty. The most cursory review 
of the history of costume shows that what was considered modest at 
one time has been immodest at other times. The custom of habitu¬ 
ally covering parts of the body has at all times led to the strong 
feeling that exposure of such parts is immodest. This feeling of 
propriety is so erratic that a costume that is appropriate on one 
occasion may be considered opprobrious on other occasions ; as, for 
instance, a low-cut evening dress in a street car during business hours. 
What kind of exposure is felt as immodest depends always upon 
fashion. It is quite evident that fashion is not dictated by modesty, 
but that the historical development of costume is determined by a 
variety of causes. Nevertheless fashions are typically associated 
with the feeling of modesty, so that an unwonted exposure excites 
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the unpleasant feelings of impropriety. There is no conscious rea¬ 
soning why the one form is proper, the other improper ; but the feel¬ 
ing is aroused directly by the contrast with the customary. 

For another example we need go back only a short period in his¬ 
tory. It is not so many years ago that dissension from accepted 
religious tenets was believed to be a crime. The intolerance of 
diverging religious views and the energy of persecution for heresy 
can be understood only when we recognize the violent feelings of 
outraged ethical principles that were aroused by this deviation from 
the customary line of thought. There was no question as to the 
logical validity of the new idea. The mind was directly agitated by 
the opposition to an habitual form of thought which was so deeply 
rooted in each individual that it had come to be an integral part of 
his mental life. 

It is important to note that in both the cases mentioned the 
rationalistic explanation of the opposition to a change is based on 
that group of concepts with which the excited emotions are inti¬ 
mately connected. In the first case, reasons are adduced why the 
new style of costume is improper; in the second case, proof is given 
that the new doctrine is an attack against eternal truth. 

I think, however, that a close introspective analysis shows these 
reasons to be only attempts to interpret our feelings of displeasure; 
that our opposition is not by any means dictated by conscious rea¬ 
soning, but primarily by the emotional effect of the new idea which 
creates a dissonance with the habitual. 

It may be well to exemplify the characteristics of our opposition 
to unwonted actions by a few additional examples, which will help 
to clear up the mental processes that lead us to formulate the rea¬ 
sons for our conservatism. We are not accustomed to eat caterpil¬ 
lars, and we should probably decline to eat them from feelings of 
disgust. On the other hand, the aversion to eating dogs or horses 
or cats would probably be based rather on the seeming impropriety 
of eating animals that live with us as our friends. Cannibalism is 
so much abhorred that we find it difficult to convince ourselves that 
it belongs to the same class of aversions as those mentioned before. 
The fundamental concept of the sacredness of human life, and the 
fact that most animals will not eat others of the same species, set 
off cannibalism as a custom by itself, considered as one of the most 
horrible aberrations of human nature. In these three groups of 
aversions, disgust is probably the first feeling present in our minds, 
by which we react against the suggestion of partaking of these kinds 
of food. We account for our disgust by a variety of reasons, accord¬ 
ing to the groups of ideas with which the suggested act is associated 
in our minds. In the first case, there is no special association, and 
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we are satisfied with the simple statement of disgust. In the second 
case, the most important reason seems an emotional one, although 
we may feel inclined, when questioned regarding the reasons of our 
dislike, to bring forward also habits of the animals in question that 
seem to justify our aversion. In the third case, the immorality of 
cannibalism would stand forth as the one sufficient reason. 

Another example may not be out of place. A variety of reasons 
are given why certain styles of dress are improper. To see a man 
wear a hat in company indoors nettles us ; it is considered rude. 
To wear a hat in church or at a funeral would cause more vigorous 
resentment on account of the greater emotional value of the feelings 
concerned. A certain tilt of the hat, although it may be very com¬ 
fortable to the wearer, would stamp him at once as an uneducated 
brute. Other novelties in costume may hurt our aesthetic feelings, 
no matter how bad the taste of our fashions may be. 

In all these cases the custom is obeyed so often and so regularly 
that the habitual act becomes automatic, and remains entirely sub¬ 
conscious. It is only when an infraction of the customary occurs, 
that all the groups of ideas with which the action is associated are 
brought into consciousness. A dish of dog’s meat would bring up 
all the ideas of companionship ; a cannibal feast, all the altruistic 
principles that have become our second nature. The more automatic 
any series of activities or a certain form of thought has become, the 
greater is the conscious effort required for the breaking off from the 
old habit of acting and thinking, and the greater also the displeasure, 
or at least the surprise, produced by an innovation. The antagonism 
against it is a reflex action accompanied by emotions not due to 
conscious speculation. When we become conscious of this emotional 
reaction, we endeavor to interpret it by a process of reasoning. This 
reasoning must necessarily be based on the ideas which rise into 
consciousness as soon as a break in the established custom occurs ; 
in other words, our rationalistic explanation will depend upon the 
character of the associated ideas. 

It is therefore of great importance to know whence the associated 
ideas are derived, particularly in how far we may assume that these 
associations are stable. It is not quite easy to give definite exam¬ 
ples of changes of such associations in our own culture, because, on 
the whole, the rationalistic tendencies of our times have eliminated 
many of the lines of association, even where the emotional effect 
remains ; so that the change, on the whole, is one from existing 
associations to loss of associations. I pointed out before the rise of 
associations between fashions and feelings of modesty which arise 
with the establishment of a new type of costume. There are a 
great number of customs that had originally a religious or semi-reli- 
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gious aspect which are continued and explained by more or less cer¬ 
tain utilitarian theories. Such are the whole group of customs re¬ 
lating to marriages in the incest group. While the extent of the 
incest group has undergone material changes, the abhorrence of 
marriages inside the existing group is the same as ever; but instead 
of religious laws, ethical considerations often explained by utilitarian 
concepts are given as the reason for our feelings. People affected 
with loathsome diseases were once shunned because they were be¬ 
lieved to be stricken by God, while at present the same avoidance is 
due to the fear of contagion. The disuse into which profanity has 
fallen in English was first due to religious reaction, but has come to 
be simply a question of good manners. 

In short, while each habit is the result of historical causes, it may 
in course of time associate itself with different ideas. As soon as we 
become conscious of an association between a habit and a certain 
group of ideas, we are led to explain the habit by its present associa¬ 
tions, which probably differ from the associations prevailing at the 
time when the habit was established. 

We will now turn to a consideration of analogous phenomena in 
primitive life. Here the dislike of that which deviates from the cus¬ 
tom of the land is even more strongly marked than in our own civili¬ 
zation. If it is not the custom to sleep in a house with feet turned 
towards the fire, a violation of this custom is dreaded and avoided. 
If it is not customary to eat seal and walrus on the same day, nobody 
will dare to transgress this law. If in a certain society members of 
the same clan do not intermarry, the most deep-seated abhorrence 
against such unions will arise. It is not necessary to multiply exam¬ 
ples, for it is a well-known fact that the more primitive a people, the 
more it is bound by customs regulating the conduct of daily life in 
all its details. I think we are justified in concluding, from our own 
experience, that, as among ourselves, so among primitive tribes, the 
resistance to a deviation from firmly established customs is due to an 
emotional reaction, not to conscious reasoning. This does not pre¬ 
clude the possibility that the first special act, which became in course 
of time customary, may have been due to a conscious mental process, 
but it seems to me likely that many customs came into being without 
any conscious activity. Their development must have been of the 
same kind as that of the categories which are reflected in the mor¬ 
phology of languages, and which can never have been known to the 
speakers of these languages. For instance, if we accept Cunow’s 
theory of the origin of Australian social systems , 1 we may very well 

1 Some Australian tribes are divided into four exogamic groups. The laws of 
exogamy demand that a member of the first group must marry a member of the 
second group, and a member of the third group one of the fourth group. The 
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say that originally each generation kept by themselves, and therefore 
marriages between members of two succeeding generations were 
impossible, because only marriageable men and women of one gen¬ 
eration came into contact. Later on, when the succeeding genera¬ 
tions were not so diverse in age, and their social separation ceased, 
the custom was established, and did not lapse with the changed 
conditions. We may also imagine a tribe which had never had an 
opportunity of eating fish, moving toward the sea and still abstaining 
from the unaccustomed food. These imaginary cases make it clear 
that the unconscious origin of customs is quite conceivable, although 
of course not necessary. It seems, however, certain that even when 
there has been a conscious reasoning that led to the establishment 
of a custom, it soon ceased to be conscious, and instead we find a 
direct emotional resistance to an infraction of the custom. 

It might seem that in primitive society, where the whole com¬ 
munity follow the same customs, opportunity could hardly be given 
to bring into consciousness the strong emotional resistance against 
infractions. There is one feature of social life, however, that tends 
to keep the attachment to the customary before the minds of the 
people, and that is the education of the young. While many of the 
customs that enter into the every-day life, and which are observed 
and performed constantly, may be imitated by the young and im¬ 
parted without teaching, there are others which are not performed 
quite so often that can be transmitted only by precept. Any one 
familiar with primitive life will know that the children are constantly 
exhorted to follow the example of their elders, and every collection 
of carefully recorded traditions contains numerous references to ad¬ 
vice given by parents to children to observe the customs of the 
tribe. The greater the emotional value of a custom, the stronger 
will be the desire to inculcate it in the minds of the young. Thus 
ample opportunity is given to bring the resistance against infractions 
into consciousness ; and thus occasions must arise when people, 
either led by children’s questions or following their own bent to 
speculation, look for explanations of the custom. These will be 
based on the general ideas current among the tribe and related to 
the custom in question, but probably not at all related to its historical 
origin. 

children of these unions belong respectively to the third and fourth, and first 
and second groups, according to the group to which the father or mother belongs. 
According to Cunow’s theory, the first and second groups represent one genera¬ 
tion, the third and fourth the next generation. Thus it will be seen that each 
generation is divided into two exogamic groups. These exogamic groups persist 
through the generations. The curious crossing is brought about by the restriction 
of marriages to members of the same generation. 
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The explanations of customs that are given by primitive man are 
generally based on concepts that are intimately related to his gen* 
eral views of the constitution of the world. Some mythological idea 
may be considered the basis of a custom or an avoidance. It may be 
interpreted as of symbolic significance, or it may merely be con* 
nected with the fear of ill luck. Evidently this last class of ex* 
planations are identical with those of many superstitions that linger 
among us. 

Investigators like Spencer and Tylor, who have tried to clear up 
the history of avoidances as well as of other customs, hold the view 
that their origin lies in primitive man’s view of nature; that to him 
the world is filled with agencies of superhuman power, which may 
harm man at the slightest provocation, and that fear of them dic¬ 
tates the innumerable superstitious regulations. These authors ex¬ 
press their views in words which would make it appear as though 
the habits and opinions of primitive man had been formed by con¬ 
scious reasoning. It seems evident, however, that this is not a 
necessary part of their theories. Their whole line of thought would 
remain consistent if it is assumed that the processes were all sub¬ 
conscious. I believe that these theories need extension, because it 
would seem that many cases of this kind may have arisen without 
any kind of reasoning, conscious or subconscious, for instance, cases 
in which a custom became established by the general conditions 
of life, and came into consciousness as soon as these conditions 
changed. I do not doubt at all that there are cases in which cus¬ 
toms originated by more or less conscious reasoning ; but I am 
just as certain that others originated without, and that our theories 
should cover both points. 

We must include in our consideration also customs for which other 
types of explanations are given. If among the Indians of Van¬ 
couver Island it is bad form for a young woman of nobility to open 
her mouth wide and to eat fast, a deviation from this custom would 
also be deeply felt, but in this case as an impropriety which would 
seriously damage the social standing of the culprit. The same group 
of feelings are concerned when a member of the nobility — even in 
Europe — marries below her station. In other more trifling cases , 
the overstepping of the boundaries of custom merely exposes the 
offender to ridicule on account of the impropriety of the act. All 
these cases belong psychologically to the same group of emotional' 
reactions against breaks with established automatic habits. 

We have so far discussed only cases of emotional resistance 
against unwonted actions and their associations. There are other 
groups of phenomena, however, in which diverse mental states and 
activities occur in close association, although no direct causal relation 

vol. xvii. — no. 67. 17 
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between them is apparent. In these cases also long-continued histor¬ 
ical association accounts for the present state of affairs. 

Sombre colors and depressed feelings are closely connected in our 
minds, although not in those of peoples of foreign cultures. Noise 
seems inappropriate in a place of sadness, although among primitive 
people the loud wail of the mourners is the natural expression of 
grief. Decorative art serves to please the eye, yet a design like the 
cross has retained its symbolic significance. 

On the whole, such associations between groups of ideas appar¬ 
ently unrelated are rare in civilized life. That they once existed is 
shown by historical evidence as well as by survivals in which the old 
ideas have perished, although the outer form remains. In primitive 
culture these associations occur in great numbers. In discussing 
them we may begin with examples that have their analogues in our 
own civilization, and which therefore are readily intelligible to us. 

The most extended domain of such customs is that of ritual. We 
have numerous stated ritual forms accompanying important actions 
which are constantly applied, although their original significance has 
been lost entirely. Many of them are so old that their origin must 
be looked for in antiquity or even in prehistoric times. In our day 
the domain of ritual is restricted, but in primitive culture it pervades 
the whole life. Not a single action of any importance can be per¬ 
formed that is not accompanied by proscribed rites of more or less 
elaborate form. It has been proved in many cases that rites are 
more stable than their explanations ; that they symbolize different 
ideas among different people and at different times. The diversity 
of rites is so great, and their occurrence so universal, that here the 
greatest possible variety of associations are found. 

It seems to my mind that we may apply this point of view to many 
of the most fundamental and inexplicable traits of primitive life, and 
that when considered as associations between heterogenous thoughts 
and activities, their rise and history become more readily intelli¬ 
gible. 

The symbolism of decorative art seems to belong to this domain. 
A vestige of this form of association remains in our use of the cross, 
or in the patriotic use of national emblems which restrict the appli¬ 
cability of these forms as purely ornamental motives, and determine 
their significance wherever they occur. In primitive society this 
symbolic interpretation is much more widely spread. Among many 
primitive peoples of all parts of the world, no matter what the history 
of their decorative art may have been, the association between deco¬ 
rative element and ideas apparently foreign to its forms is found. 
For years the theory held sway that this association must have devel¬ 
oped from an actual historic correlation, from the fact that the geo- 
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metrical form is developed from the realistic form. I have tried to 
show 1 that in certain cases the association is a secondary one, and in 
these views I am entirely in accord with Dr. Karl von den Steinen 
and with Professor Hamlin . 2 The characteristic trait of primitive art 
is its strong tendency to associate itself with ideas foreign to its artis¬ 
tic purport. What these ideas are depends upon the character of the 
culture in which they occur. 

On the North Pacific coast of America the animal design which is 
found in many other parts of the world has associated itself firmly 
with the totemic idea, and has led to an unparalleled application of 
animal motives. This may also have helped to preserve the realistic 
character of this art. Among the Sioux the high valuation of mili¬ 
tary prowess and the habit of exploiting deeds of war before the tribe 
have been the causes that led the men to associate the decoration on 
their garments with events of war, so that among them a military 
symbolism has developed, while the women of the same tribe explain 
the same design in an entirely different manner . 8 It seems to me 
that in this last case we have no particular difficulty in following the 
line of thought that leads to the association between forms of decora¬ 
tion and military ideas, although, in general, our minds require a much 
more conscious effort than that of primitive man. The very fact of 
the well-nigh universal occurrence of decorative symbolism shows 
that this association must establish itself automatically and without 
conscious reasoning. 

We may go a step farther, and observe from our general point of 
view the relation between social organization and religion. To us 
family organization as such has been freed almost entirely from the 
religious aspect, which survives chiefly in the religious sanction of 
marriage. The religious rites connected with birth and death have 
lost almost all connection with family organization. Among primi¬ 
tive men we find, on the other hand, a type of association which is 
quite analogous to that found in decorative art. As there form tends 
to associate itself with ideas entirely foreign to it, so the social unit 
tends to associate itself with various impressions of nature, particu¬ 
larly with the divisions of the animal world. This form of associa¬ 
tion seems to me the fundamental trait of totemism. It is difficult 
for us to appreciate the psychological process by means of which 
these associations are established. It would seem that one of the 
fundamental requirements must be the feeling that a family, or some 
other social group, is absolutely distinct from all other social groups. 

1 Popular Science Monthly, October, 1903, pp. 481 et seq. 

2 The American Architect and Building News , 1898. 

8 Dr. Clark Wissler, “The Decorative Art of the Sioux Indians,” Bulletin 
American Museum of Natural History , vol. xviii. 
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This granted, the establishment of association with the supernatural 
world becomes at least intelligible. That such feelings are not by 
any means improbable, or even rare, is sufficiently shown by the 
exclusiveness of the European high nobility, or by the national emo¬ 
tions in their pronounced form. It is not at all difficult to understand 
how an overbearing enthusiasm of self-appreciation of a community 
may become a powerful emotion or a passion which, on account of 
the lack of rational explanation of the world, will tend to associate 
the members of the community with all that is good and powerful. 
However these associations may have been brought about, there is 
no doubt that they do exist, and that, psychologically considered, 
they are of the same character as those previously discussed, and 
that the rationalizing mind of man soon lost the historic thread and 
reinterpreted the established customs in conformity with the general 
trend of thought of his culture. We are therefore justified in con¬ 
cluding that these customs must also be studied by the pragmatic 
method, because their present associations are not likely to be origi¬ 
nal, but rather secondary. 

When we once recognize the general applicability of the theory of 
the historical modification of associations, we can no longer hope to 
establish one single line of origin and development of institutions 
like totemism, or of religious systems, because the theories of those 
who hold to such systems are without historic value, and express 
only types of association ; but we are rather led to the problem what 
associations are typical of various forms of culture, and how they will 
affect the thoughts and activities of man. These associations may 
again fall into order; no longer, however, as forming a genetically 
connected system, but as a series of phenomena that arise ever anew, 
according to the type of culture of each people, and influenced by 
historical and geographical transmission. 

It is perhaps venturesome to discuss at the present moment these 
types of association; yet it may be admissible to dwell on a few of 
the most generalized facts which seem to characterize primitive cul¬ 
ture as compared to civilization. From our point of view, the strik¬ 
ing features of primitive culture are the great number of associations 
of entirely heterogeneous groups of phenomena, such as natural phe¬ 
nomena and individual emotion, social groupings and religious con¬ 
cepts, decorative art and symbolic interpretation. These tend to 
disappear with the approach to our present civilization, although a 
careful analysis reveals the persistence of many, and the tendency of 
each automatic action to establish its own associations according to 
the mental relations in which it regularly occurs. One of the great 
changes that has taken place may perhaps best be expressed by say¬ 
ing that in primitive culture the impressions of the outer world are 
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associated intimately with subjective impressions, which they call 
forth regularly, but which are determined largely by the social sur¬ 
roundings of the individual. Gradually the greater uncertainty of 
these connections, as compared to others, is recognized, that remains 
the same for all mankind, and in all forms of social surroundings, 
and thus sets in the gradual elimination of one subjective association 
after another, which culminates in the scientific method of the pre¬ 
sent day. We may express this also by saying that when we have 
our attention directed to a certain concept which has a whole fringe 
of incident concepts related to it, we at once associate it with that 
group which is represented by the category of causality. When 
the same concept appears in the mind of primitive man, it associates 
itself with those concepts related to it by emotional states. 

If this is true, then the associations of the primitive mind are 
heterogeneous, and ours homogeneous and consistent only from our 
own point of view. To the mind of primitive man, only his own 
associations can be rational. Ours must appear to him just as het¬ 
erogeneous as his to us, because the bond between the phenomena 
of the world, as it appears after the elimination of their emotional 
associations, which is being established with increasing knowledge, 
does not exist for him, while we can no longer feel the subjective 
associations that govern his mind. 

This peculiarity of association is also another expression of the 
conservatism of primitive culture and the changeability of many 
features of our civilization. We tried' to show that the resistance 
to change is largely due to emotional sources, and that in primitive 
culture emotional associations are the prevailing type. Hence re¬ 
sistance against the new. In our civilization, on the other hand, 
many actions are performed merely as means to a rational end. 
They do not enter sufficiently deeply into our minds to establish con¬ 
nections which would give them emotional values. Hence our readi¬ 
ness to change. We recognize, however, that we cannot remodel, 
without serious emotional resistance, any of the fundamental lines of 
thought and action which are determined by our early education, 
and which form the subconscious basis of all our activities. This is 
evinced by the attitude of civilized communities towards religion, 
politics, art, and the fundamental concepts of science. 

In the average individual among primitive tribes reasoning cannot 
overcome this emotional resistance, and it therefore requires a de¬ 
struction of the existing emotional associations by more powerful 
means to bring about k change. This may be brought about by some 
event which stirs up the mind of the people to its depths, or by eco¬ 
nomic and political changes against which resistance is impossible. 
In civilization there is a constant readiness to modify those activities 
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that have no emotional value. This is true not only of activities 
designed to meet a practical end, but also of others that have lost 
their associations, and that have become subject to fashion. There 
remain, however, others which are retained with great tenacity, and 
which hold their own against reasoning, because their strength lies 
in their emotional values. The history of the progress of science 
yields example after example of the power of resistance belonging 
to old ideas, even after increasing knowledge of the world has under¬ 
mined the ground on which they were erected. Their overthrow is 
not brought about until a new generation has arisen, to whom the old 
is no longer dear and near. 

Besides this, there are a thousand activities and modes of thought 
that constitute our daily life, of which we are not conscious at all 
until we come into contact with other types of life, or until we are 
prevented from acting according to our custom, that cannot in any 
way be claimed to be more reasonable than others, and to which, 
nevertheless, we cling. These, it would seem, are hardly less numer¬ 
ous in civilized than in primitive culture, because they constitute the 
whole series of well-established habits according to which the neces¬ 
sary actions of ordinary every-day life are performed, and which are 
learned less by instruction than by imitation. 

Thus an important change from primitive culture to civilization 
seems to consist in the gradual elimination of what might be called 
the social associations of sense impressions and of activities, for 
which intellectual associations are gradually substituted. This pro¬ 
cess is accompanied by a loss of conservatism, which, however, does 
not extend over the field of habitual activities that do not come into 
consciousness, and only to a slight extent over those generalizations 
which are the foundation of all knowledge imparted in the course 
of education. 

Franz Boas . 
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PREFACE 

The present treatise contains the introduction to a course on the 
statistical treatment of biological and psychological measurements, 
which I have given for ten years at Columbia University. The 
form selected for the demonstration of the principles of measurement 
of variables was chosen on account of the limited mathematical prep¬ 
aration of students who have devoted themselves to the study of 
anthropology, biology, and psychology, which made it necessary to 
avoid, so far as feasible, all application of the calculus. 

While the book was in the hands of the printer, the “ Wahrschein- 
lichkeitsrechnung und Kollektivmasslehre,” by Heinrich Bruns, was 
published. It to a great extent follows methods similar to those 
used by me, and is much more comprehensive. Nevertheless I 
have decided to publish my treatment of the subject, because it 
seems adapted to the peculiar needs of American students. 

Franz Boas. 

New York, May, 1906. 
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The Measurement of Variable Quantities 


I. INTRODUCTORY; CONSTANTS AND VARIABLES 

§1 

In the quantitative study of nature we distinguish two separate 
classes of objects and phenomena—constants and variables. The 
former give the same quantitative results whenever they are measured 
under exactly the same conditions; the latter give different quantita¬ 
tive results when measured at different times, because the governing 
conditions are complex and never quite the same. 

When we measure the length of a metal rod, we consider it as the 
same identical object whenever measured, and therefore we assume 
that it must always have the same length, provided the variable con¬ 
ditions affecting its length remain the same. Only when changes 
occur that modify permanently its inner structure, and by which its 
identity is changed, do we speak of a change in the length of the 
rod. If our refined measurements give different results for the 
length of the rod, we ascribe these to lack of control of conditions, 
and we call them 1 errors of observation / 1 If, on the other hand, 
we cast a number of rods in the same mold and as nearly as possible 
under the same conditions, the slight differences of conditions in 
casting will become permanent characteristics of the several rods, 
and the errors of manufacture of each individual specimen will make 
them a series, intended to represent the same kind of an object, but, 
owing to individual differences, variable. 

In the same way, if we wish to determine the weight of a cubic 
centimeter of pure iron, the weight appears as a constant, because 
both a cubic centimeter and pure iron are identically the same in all 
cases. Each individual experiment will therefore be an approach to 
this constant weight, affected by errors of observation according to 
changing physical condition, to inaccuracies in the size of the cubic 
centimeter, and to impurities in the iron. On the other hand, the same 

1 The term ( error of observation ’ is applied to constants, and is generally used 
in a restricted sense, signifying the error dne to the technique of measurement and 
determining the limits within which differences, if they should occur, can no 
longer be recognized. 
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series of iron cubes are, when considered individually and objectively, 
the variable representatives of what is intended to be a cubic centi¬ 
meter of pure iron. 

It appears from these examples, that—according to the principle of 
identity—we consider a phenomenon which is completely defined as 
always the same, and therefore as a constant. As soon as any of the 
constituent or controlling elements are no longer completely defined, 
the phenomena are no longer identical, but separate individualities. 
Differences of the results of measurements are called, in the first 
group, ‘ differences due to errors of observation , ; in the second 
group, ‘ variates ’; and the phenomena are called, respectively, 
i constants * and i variables/ 

While in some groups of phenomena a complete definition can be 
given which compels us to consider a repetition of a phenomenon as 
identical with the original one, in others no such definitions are pos¬ 
sible, and the individual repetitions always possess independent ele¬ 
ments which are not contained in their common definition. These 
phenomena must always be considered as variables, and their com¬ 
mon definition is that of a class embracing the individual phenomena. 

The identity of two objects or phenomena is inferred partly from 
considerations that have no relation to measurements, and we con¬ 
clude that, on account of their identity, the measurements of the 
two objects or phenomena must be the same; but we also con¬ 
clude conversely that when the measurements are not the same the 
objects or phenomena cannot be identical, and also that when they 
have the same measurements—that is, when they are constant— 
they are identical. This last conclusion is, of course, empirical and 
open to refutation by new facts. For this reason it may be that 
with increasing knowledge objects or phenomena which once appeared 
as constants may come to be considered as variables, because what 
seemed at one time as quantitatively the same is proved to be differ¬ 
ent ; or what seemed at one time identical is proved to contain dif¬ 
ferent elements. In other words, certain parts of the error of obser¬ 
vation may be proved to be due to individual differences between 
observations. The discovery of variations in latitude and of new 
elements which are found in very small quantities mixed with other 
elements illustrates this point. 

Strictly speaking, no two measurements are absolutely the same. 
If, in our definition of the phenomenon measured, the differences be¬ 
tween repetitions are taken into account, it will be a variable; if 
they are disregarded, and only the elements common to all repetitions 
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are included, it will be a constant. The example given before illus¬ 
trates that a cubic centimeter of pure iron is a constant, but that the 
individual cubes measured may also be considered as variates. A 
cubic centimeter of pure iron, under given physical conditions, is 
completely defined, and therefore identically the same whenever 
measured. The individual cube does not quite correspond to our 
definition, and, in so far as its individual peculiarities are considered 
as vitiating our definition, they are errors of observation. When 
these individual peculiarities are considered as part of the definition, 
the same cubes would become representatives of the series of cubic 
centimeters of iron as they exist, and in this sense the individual 
peculiarities would be considered as variates. 

In empirical studies, identity or diversity is often inferred from 
sameness or diversity of measured values. We have seen that abso¬ 
lute sameness of measurement does not exist. It is therefore a 
matter of judgment whether a quantity shall be considered as con¬ 
stant or as variable. While considerable differences will always lead 
to the conclusion that our definition is incomplete — in other words, 
that the quantity measured is variable — no fixed lowest limit can 
be given under which variations must be disregarded, as long as they 
are discernible by means of the standard used in making the measure¬ 
ment. Our decision will always depend upon the question whether 
we consider each quantity individually, or as adequately represented 
by what is common to all the quantities measured. Thus, when we 
compare a number of fairly uniform centimeter rods, and by abstrac¬ 
tion define the length of the centimeter as the type of our rods, the 
measurable deviations will be considered as errors of observation* 
When, on the other hand, the differences are found to be so great 
that the centimeter can no longer be considered as the type of the 
series, each rod must be considered as an individual, and the rods 
present a series of variates. 

It will be noticed that in comparisons between two series quantita¬ 
tive Variations in each series will be the more negligible, the greater 
the differences between the series. Thus, in comparing a series of 
inaccurate lengths of centimeters and meters, we are more ready to 
recognize the two types and to consider their deviations as errors, 
than in a case where we compare inaccurate lengths of one centi¬ 
meter and of two centimeters. 

It appears from what has been said that the essential difference 
between constants and variables consists in the fact that the constant 
is an individual considered as a complete representation of a class, 


Digitized by 



4 


THE MEASUREMENT OF VARIABLE QUANTITIES 


the definition of the class and of the individual being the same, and 
that a variable is a series of individuals of the same class, but each 
individual considered as different from the other. In the former case, 
differences of individual measurements are considered as due to sub¬ 
ordinate causes; in the second case, these subordinate causes and the 
causes determining the type are given equal importance. 

§2 

Since a variable consists of a series of individuals constituting a 
class, the measurement of a variable, to be complete, must consist of 
a series of measurements of all the individuals of the class. Two 
variables will appear to us as the same when the series of measure¬ 
ments representing each is the same. In this case we may infer that 
both variables represent the same class and the same groups of imper¬ 
fectly known modifying conditions. When we find two variables 
that fulfil these conditions, we consider them as identical; that is to 
say, we form the abstraction of the existence of a class of phenomena, 
the individual cases of which are distributed according to a certain 
law, and each series of measurements is considered as following this 
law. Thus the measurement of the variable may be reduced to the 
determination of those elements which determine the general law of 
distribution. When these elements are determined from a single 
limited series of observations, they may be expected to differ from 
those representing the abstract type of distribution which would be 
obtained, could the whole infinitely large number of individuals be 
observed. Since the single series are considered as identical with 
the type, i. e. } the complete infinitely long series of individuals, we 
call the differences between the individual values and the ideal values 
‘ errors , in the same way as we call 1 errors 9 the differences between 
one centimeter and individual rods, intended to be one centimeter in 
length, but differing from this value on account of imperfections of 
manufacture. 

While in nature the number of cases constituting a variable series 
is limited, we conceive the series in forming the abstract law as 
though it consisted of an unlimited number of individuals. This 
may be done, because the distribution of variates fully defines the 
variable and we may imagine any completely defined phenomenon to 
be repeated without end. The distribution of cases in the ideal series 
will then be such that the relative frequency of a measurement X } 
compared with the total number of measurements, may be expressed 
by the algebraical function f(X). When, for instance, 20 observa- 
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tions have been made, and the measurement X l occurs 3 times, X 2 
occurs 4 times, we have 

/(*,) = &, /w = 2 v 

Thus, from our actual observations we obtain a table of measure¬ 
ments from which may be derived an algebraical law representing 
this function with greater or less accuracy. 

Two questions, therefore, arise at the beginning of our investiga¬ 
tion— the one, how to determine this algebraical function ; the other, 
how far the algebraical function thus obtained may be assumed to 
correspond to the function representing the unlimited series. 

According to our definition all the measurements are to belong to 
the same class. It is obvious that the members of one and the same 
class can not vary more than a certain limited amount, which is de¬ 
termined by the definition of the class. If the variations contained 
in the class had an unlimited range, the class itself would be unlim¬ 
ited. In other words, in no case do variations occur of such size 
that the measurement could no longer belong to the class in ques¬ 
tion. Therefore variates must always remain within certain finite 
limits, or the frequency of variates beyond these limits is zero. 

The character of the function expressing the distribution of vari¬ 
ates may be determined by arranging the measurements in order, 
beginning with the lowest and proceeding to the highest, or vice versa . 
The measurements may be recorded with the greatest possible ac¬ 
curacy, which may be made so great that the observations may be 
given in form of a list of measurements of which each occurs only 
once, or at most a few times, and which will be crowded where the 
frequencies of the measured values are great, and far apart where the 
frequencies are low. A clearer impression of the character of the 
distribution may be obtained by counting the number of measure¬ 
ments that occur within convenient intervals. For instance, the 
statures of 905 nine-year-old boys in Toronto have been taken. By 
recording the number of cases that occur between groups of 10 mm., 
the following series results : 



No. of 


No. of 


No. of 

mm. 

Cases. 

mm. 

Cases. 1 

mm. 

Cases. 



1095-1105 

1 

1145-1155 

2 

1055-1065 

1 

1105-1115 

2 

1155-1165 

9 

1065-1075 

— 

1115-1125 

3 

1165-1175 

17 

1075-1085 

2 

1125-1135 

3 

1175-1185 

27 

1085-1095 

— 

1135-1145 

3 

1185-1195 

21 


Digitized by LjOOQLe 


6 


THE MEASUREMENT OF VARIABLE QUANTITIES 


mm. 

No. of 
Cases. 

mm. 

No. of 
Cases. 

mm. 

No. of 
Cases. 

1195-1205 

31 

1295-1305 

65 

1395-1405 

2 

1205-1215 

52 

1305-1315 

41 

1405-1415 

2 

1215-1225 

43 

1315-1325 

48 

1415-1425 

1 

1225-1235 

50 

1325-1335 

35 

1425-1435 

1 

1235-1245 

54 

1335-1345 

27 

1435-1445 

— 

1245-1255 

* 67 

1345-1355 

19 

1445-1455 

— 

1255-1265 

63 

1355-1365 

16 

1455-1465 

1 

1265-1275 

73 

1365-1375 

5 

1465-1475 

— 

1275-1285 

62 

1375-1385 

9 

1475-1485 

1 

1285-1295 

43 

1385-1395 

2 

1485-1495 

— 





1495-1505 

1 

This distribution may be presented graphically by recording the 


intervals on a horizontal line and the frequencies as areas of rect¬ 
angles erected over the intervals. This figure will be clearer, 
although not quite so accurate, if we simply mark by a point the 
middle of the upper limit of each rectangle, and connect these points 
by straight lines. If we consider the interval as a unit, the height 
of the rectangle will be equal to the recorded frequency. 

The algebraical function to be found will then be that function 
which represents as nearly as possible all the numerical values of the 
observed relative frequencies. If we call these relative frequencies 
y and the measurements X y then y=f(X). We may determine 
the total frequency of cases that occur up to various values of X ; 
and we have 

up to the lowest value X x the relative frequency y x = z x 

“ “ next value X 2 “ “ “ 

“ “ third value X 2 “ “ “ y x + y 2 + y 3 = z 3 

up to the nth value X n the number y x + y 2 + • • • + y n = z H . 

Then we must determine the number z for any value of X This 
problem may be approached from two distinct points of view. 


§3 

Supposing that the values of z have been observed for a series of 
points, X v X 2 - • •, X p} we can represent the series of z between these 
points adequately, if we can find an algebraical function which, for 
the values X x X 2 • • • X p assumes the values z x z 2 • • • z p . This condi¬ 
tion may be fulfilled by many functions. A simple function that 
meets the requirements is 
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m (x-x 2 )(x-x s )...(x-x p ) m 

^ (X 1 -X 2 )(X l -X i )...(X l -X p )' 

, (A-A,XA-A,)...(A-A„) m t 

& - A)(x 2 - x,)• • • (x, -x;) J+ --- 

, (X-X l )(X-X 2 )...(X-X r _ l )(X-X r+l )---(X-X) 

(x-x;xx-x 2 )..■ (X-X^xx-X^) • • • (X-X) '+ 

, (X-X l XX-X)...(X-X p _ l ) „ 

' • ^ (A, - x&x r - jg • • • (A; - x p J >’ 

because in this equation, for X = X r9 all the coefficients, with the ex¬ 
ception of the one not containing (X — X r ) 9 disappear, while the one 
that does not disappear will equal 1. 

We assume in this formula, that in the region between the known 
points the function changes continuously and that no periodical or 
irregular features of the law of distribution occur in the intermediate 
regions. 

The equation given before takes a simpler form if we compere any 
two succeeding interpolations for 2 p and 2p + 1 points. For a term 
with the factor z r9 we have, for the 2 p points, from X_ p+l to X p9 

(X~X- r+l XX-X_ p+2 ) ■ ■ • (A-A^XA-A^) • • • (A-A) ^ 
(A~ X-^XX- X_ p+2 ) ■ ■ ■ (A - X^XX- X^)- • • (A - X p ) * 

and for 2p + 1 points from X_ p to X p 

(X- x_,xx- X_,„) ■ ■ ■ (X- X_,)(X- X„.) • • ■ (X- X,) , 
(X - XJ(X- x_„,) • • • (X- X-.XX - x„,) ■ • • (X - K> " 

for the 2p + 1 points for -3T_ J>+1 to X p + x 

(X-x_, + ,xx-x.,„) ■ ■ •(X-X-.xx-X,,).. .(X-X„,) _ 

(X-X„,xx r -X„,).■ .(X-X„,) v 

It follows that, for the 2p + 1st interpolation, the following 
amounts must be added to the 2pth interpolation; for points from 
X_ p t0 X p 

(A- A_ p+1 XA- X_ p+2 ) • • • (A- A,) 

(A - X_ p X X- A_, +1 ) • • • (A - A_,)(A-A^) • • • (A r - A,) ' ’ 

for points from X_ p+1 to X p+l 



■ A_ p+l )( A - X _ p+2 )... (A” - a;) 

■ ■ (A-A^X^-A r+1 )• ••(A r -A +1 ) '• 
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If we take the values of X equidistant, their distances as units, if 
furthermore we assume the point X 0 as zero and call the varying 
values x, we find for the last two values 

(g + p-l)(a; + p-2)...(g-p) 

' ' (r + pX r + P — 1)(— 2)-.-(r — p) r 

_ 1v _ B 2p(2p-l).--(r+p+l) (x+p-l)(x+p-2)- • -(s-p ) 

’ 1 • 2 • 3 • • • (r—p) ' 1 • 2 • 3 • • • (2p) 

and 

/o *\ _ (g + p-lX« + J>-2)»--(g-p) _ 

V ' ( r + P — 1)(»* + p — 2) • • • 2 ■ 1 • (—1)(—2) • • • (r — p — 1) 

/ -I2p(2 p-1)• • • (r+ p) (a;+p-l)(x+p-2) ■ • -Qc-p) . 
1 ' 1 • 2 • 3 • • • (r—p — 1) * r 1 • 2 • 3 • • • 2p 

It will be seen that the members for the points x_ p and x p+l also 
agree with these forms. We have, therefore, if we call the value 
of the function for the interpolation of 2 p points, from x_ p+l to x p , 
Ui p +i th e interpolation for the 2p + 1 points from x_ p to x p and 
U^p+x for the points z_ p+l to x p+v and if we designate by 2 the sum 
of the products (2) and (2*) for all values of r: 

U', p+l = U ip 

(x+p-\)(x+p-2) • ■ -jx-p) 2p(2 p—1) • • (r-fp+1) 

■*" 1 • 2 • 3 • • • 2p ^ > 1 ■ 2 • 3 • • • (r—p) v 

= u 2p 

(a;+ p -lX ar+ p-2)--(a;-p) _ p _, 2p(2 p-l) • • • (r+p ) 

+ 1-2-3 •••2 p ' ' 1-2-3- --(r-p-l) 

The sums in these two terms are the 2pth differences between the 
values from z_ p to z p , and from z_ p+l to z p+r This can be shown 
as follows: If the rth differences are expressed by the form 

= a 0 z_ } , + a lS _ p+l + ■■■ + a r+1 2 + „ 

then 

A_p+l = ° 0 2 -I>+l "b °l Z -p+2 *b ' ' ‘ + a r+l Z -p+r+2' 

Their difference 

A:; 1 = a 0 z_ p + (a, - a ti )z_ p+l + (a, - a x )z_ p+i +■■■ 

• • • + ( a r -l ®r) 2 -j>+rt-I a r +\ Z -p+r+V 
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Since for A'_ p a 0 = 1, it follows at once that the coefficients a x 
decrease by units and are, therefore, for the rth difference — r. The 
coefficients a 2 increase by the amounts a x =» r and are, therefore, for 
the rth difference r(r— 1)/1 * 2. In short, the coefficients are the 
sums of arithmetical progressions of increasing order arising from 
whole numbers, but with alternating signs. 

a o 888 


r(r — 1) 

1-2 ’ 

r(r — l)(r — 2) 

F2^3 


, etc. 


If we write the differences between the values z in the follow¬ 
ing form : 


we find 


‘-a 

a+i 

A' 


A'" 

• 

“-JH* 1 

A" 


z 

• 

.-p+i 

A'" , , 

-2 

A\ 

• 

. — j»+i 

Z -1 

—2 

A'' 


Ali 

—2 

A'", 

Z„ 

A\ 

—2 

0 

A' 

—1 

A'", 

2 . 

0 

A' 0 ' 

# —1 

a; 

# 0 

* 

2, 



A;". 

t 2 

• 

A' n '. 

p—i 

• 

A' „ 

j>—S 

Al" . 


p-2 

A" , 

P-3 

P-1 

2 , 

V, 

p-2 



TV - TT m 0»+P-l)(* + P-2) •••(«- !>)*». 
u 2,+i - u z,-r 12 - 3 -- 2 p -/■’ 

TT" -TT m (^+p-l)(^-?-2)--(ar-p) „ 

U 2p+l — "T l-2-3---2p -!>+'• 


In the same way it can be shown that 


^4.+2 G,>+ J -f 


(s + p)(x ■+/> — 1) • • • (a; — p) 


A -„ +I ; 


and also 

*U' 

Therefore 


^4jH-2 ^4j»+ 1 "h 


1-2-3 •••(£/>+ 1) 

(x + 7 > — l)(x + jo — 2) •••(* — />— 1) 
1-2-3 • ••(2 i >+l) 


A 17 1 . 
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IT _ ± U Z +i . (g+P-l)(«+P-2) ' •■( X -P)(*~h) . lp+1 

u t P +t- 2 ^ 1-2-3 •••(2p + 1) -* 


~ U * + 


(a; + p — l)(a; + p — 2) • • • (x — p) Aj* + Al* 


p+i 


1 • 2•3 • • • 2p 


(x + p— l)(x + p —2)--- (a;-p)(a;-^) , 

+ 1 - 2 - 3 • • • (2p + 1) -* ' 

By introducing for p successively values from 0 upward, we find 


*1 +*i^ X ~A A' x ( x ~ l ) K + 4r-l)(a;-|) 

2 ■*" 1-2-3 -> 


(3) z — 2 + i ^» + i. 2 


+ 


(a; + l)4c- l)(s—2) A^ + A^ 


12-3-4 

+ 


(x + Vfujx - l)(a? - 2)(a; - j) A „ 


1-2-3-4-5 


a:,+ 


Or 




= z 0 + x \ 4-4 (A; + A'l,) + 


6 


(a; + l)a;(x 1) 2 ) ^ rr ^ ^ 


For 

follows 

various values 

,i 

of x the coefficients of interpolation 

are as 

Z 

z(x —1) 

4 

x(z—l)(z —*) 

6 

(z -|- l)z(z— l)(z — 2) 

48 

z 

0.00 

- 0.00000 — 

+ 0.0000 — 

+ 0.0000 + 

1.00 

0.05 

— 0.01188 — 

+ 0.0036 — 

+ 0.0020 + 

0.95 

0.10 

— 0.02250 — 

+ 0.0060 — 

+ 0.0039 + 

0.90 

0.15 

— 0.03188 — 

+ 0.0074 — 

+ 0.0057 + 

0.85 

0/20 

— 0.04000 — 

+ 0.0080 — 

+ 0.0072 + 

0.80 

0. 5 

— 0.04688 — 

+ 0.0078 — 

+ 0.0085 + 

0.75 

0.30 

— 0.05250 — 

+ 0.0070 — 

+ 0.0097 + 

0.70 

0.35 

— 0.05688 — 

+ 0.0057 — 

+ 0.0106 + 

0.65 

0.40 

— 0.06000 — 

+ 0.0040 — 

+ 0.0112 + 

0.60 

0.45 

— 0.06188 — 

+ 0.0021 — + 0.0116 + 

0.55 

0.50 

— 0.06250 — 

+ 0.0000— +0.0117 + 

§4 

0.50 


In the method of interpolation described in § 3, we determine 
intermediate values of the function by assuming that a number of 
observed points between certain definite limits defines the function 

1 In this table the arguments from 0.0 to 0.5 are given on the left-hand side and 
are to be used with the sign on the left hand of the oolnmns. Those from 0.5 to 
1.0 are given on the right-hand side and are to be used with the corresponding sign. 
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adequately within these limits, and that the approach to the true dis¬ 
tribution will be best in the middle region of the selected interval. 

This method is open to the objection, that not all the observations 
are given equal weight, those near the middle region appearing with 
great weight, while those beyond the limits of the range of interpola¬ 
tion are entirely neglected. 

It is possible to overcome this objection by demanding that each 
observation shall be given equal weight. This can be done by deter¬ 
mining the averages of the powers of the variates. We may deter¬ 
mine the average frequency of the variates, the average value of the 
variates, the averages of their squares, cubes, fourth powers, etc. 
If the function representing the unlimited series is determined, then 
the averages of these powers are also determined algebraically, and 
the averages of the observed limited series will approach the theoret¬ 
ical values more or less accurately. Therefore, if a function can be 
determined, whose average powers correspond to the calculated aver¬ 
age powers of the observed series, it would seem that the problem 
can be solved in a more satisfactory manner than can be done by 
interpolation. 

If we designate the measurements again by X v X v • • •, X n ,, we 
have to determine the averages 

X[ + X;+---X; 

71 

Then we must find the function f(X ), for which the average of 
the infinitely large number of values X r f(X) corresponds to the 
observed averages. Or, if we indicate the process of averaging the 
infinitely long series by brackets, 

xi±*i ± i :: . ±x: = [X '/( x)]. 

In applying this method we assume that any two functions which 
have the same average values of their powers are the same. This 
point requires, however, further investigation. 

We will assume again that between certain limits, X l and X v the 
function can be represented by a series 

f(X) = Cj -f c 2 X + c 2 X 2 + c A X 3 + • • • c n+l X n . 

Then the total number of cases between the limits X l and X 2 will be 1 

1 For readers not familiar with the elements of oaloalos, the following explana¬ 
tion will perhaps be sufficient If a certain function/ (x) is given, its total values 
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£/(X)<fc = Cl (X 2 - XJ + C 3 (XI 2 X?) + 


XI-X» 


-* + ... 


+ c 


n+1 


X; +l - X; +1 
n+l ’ 


between two points i, and x t -\- dx may be measured by the area bounded by the 
ordinates/(x,), /(x, + dx), the line x,, x, -\-dx and the corresponding segmentof the 



curve. When dx is taken very small, 
this area will be very nearly /(x,)dx. 
The area bounded by the onrve, the ter- 
minal ordinates f(x 1 ) 9 /(a*), and the 
line x l x,, will be equal to the sum of all 
the values / (x)dx between the limits x, 
and x,, which may be written 

fy(x)dx. 

•'xl 

We may also consider the area thus 
bounded between the points x t and a 
variable point x as a function of x, ^(x). 
Then we can write 


<f>(x -f dx) —^(x) =/(x)dx 

or 

0(x-f rfx)~0(x) = f( x y 

If we assume, for instance, ^(x) = x n , when n is an integer we find 


(x-fdx) n — x" 


dx 


=/(*) 


and expanded 

«•*"-' + t'-'dx + ” (n ~ 1 ^ (n 3 ~ 2) z*~*dx* + ■ ■ 


=/(*)• 


Since we can make dx as small as we please, 

nx* -1 = f(x ). 


Conversely we may conclude, that when the terminal coordinate is x n , the area from 
a certain initial point must be 



x n+1 

n+T 


as may be shown by substitution in the preceding formula. If we calculate this 
series first up to the point x„ then to x lf we obtain the area bounded by XjX^^ and 
by the curve, 



x 


"+i_ r »+i 

2 X l 


n -j-1 


This is the formula applied in the text. 
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and for the pth power 


I * 

Jxi 


x p f(X)dx — c, 


X? +1 — X p+l 
P + 1 


+ C 4 


xr 2 - x?+* 


p + 2 


+ C, 


n+1 


^n+p+1 _ X^ +1 
n + p + 1 


If we determine the powers with X x as initial point, 1 and desig¬ 
nate these powers by a°, a \, a\, • • •, we find 


(4) 


X p+1 x * +2 

ar p- e i p + i + c 2^r+2 


Xj +P+1 


* +, n +p + 1’ 


It follows at once that when in two functions the values of a are 
the same between the limits X, and X v and the functions between 
these limits can be expressed by a limited series containing only 
powers of x , the functions between these limits are also the same, 
because the constants c„ c 2 - • • c n will be the same. In that case we 
have the two equations 

X$+‘ 


a P ~ c ip + 1 


xr* 


°' _c ‘p + i 


+ c s 


+ C 3 


X$+ 2 

p + 2 

XT* 

p+2 


Xl +r+l 

C "n + p + 1’ 

C * n + p + 1’ 


from which follows 


Xf+* 


X'+ 2 


This can be true only when the series of 

C ss C • 


'\ C n C n' n +p+\ m 


It appears also that the constants of the function may be determined 
from (4) by successive elimination. 

1 See pp. 26, et seq. 
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II. COMPARISON BETWEEN LIMITED SERIES OF 
OBSERVATIONS AND THE UNLIMITED 
SERIES OF VARIABLES 

A. Properties of Averages 
§5 

In the method outlined in § 4 it is presupposed that we know the 
exact values of the averages of the powers of X. However, in a 
number of limited series we do not expect to obtain uniformly the 
same relative frequency for each variate, because there will be acci¬ 
dental differences due to the limited number of cases, and a strict 
correspondence between the distribution of the limited series and of 
the unlimited series does not exist. For this reason we can not find 
the exact values of the averages of the powers of X y but only ap¬ 
proximations which will vary according to the accidental peculiari¬ 
ties of each series. 

The question arises, therefore, whether we can determine the char¬ 
acteristics of the distribution of the averages of powers of X. In 
investigating this problem we shall use the method suggested in § 4 
and try to determine the averages of the powers of those values 
which express the distribution of the limited averages around the 
general average. We have called the general average of the pth 
powers of our unlimited series a p . The corresponding special aver¬ 
ages of limited series each containing n observations may be called 
a'f. Then we shall determine the values of 

[«-<#']. 

We shall direct particular attention to the values of 

[(«'-«)'], 

the powers of the differences between the special averages and the 
general average of the function. 

Before we take up this subject, it will be well to discuss a few 
general properties of averages. 

The average of the sum of two variables is equal to the sum of 
their averages. 
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^ + 2 ] = (h ± z i) + (y« + • • • + (y* + 4) 

y, + y a + • • • + y# . *, + *,+ •••+ •* 

~ N ^ N ‘ 

(5) [y + *] - [y] + [*]. 

The averages of the product of two independent variables is equal 
to the product of their averages. 

r I y?x + y?* + '" + yifiN 

[y*J-y- 

The members of this sum may be so grouped that all the values 
y r that have the same numerical value are grouped together. Then 
each value y r will appear as the factor of a sum, 

< + <+•••*?, 

which will have the average value of m [z] . Thus every value of y r 
appears as the factor of a certain value m[z] where m equals the 
number of occurrences of the respective value y r . We find, therefore, 


r -j r-1 + • • • + fN 

ut z i = L Z J--» 

(6) [y*] = [y] [*]• 

We may now take up the discussion of the values [(a' — a) r ] ; and 
we will begin with the consideration of [(a' — a)]. 

For a special series of n observations, the special average 


a ,_x; + x; + -- + x; 


n 


therefore 

[(a' — a 
We will write 


» n 

• • • T 

X — a = x. 


r x [ x t 

<1 

= - + ^ +•• 

• + — 

L n n 

nj 



Since according to definition a = m, 

[x] = [X-a] =0, 

therefore 


[(a' — a)] = 0. 
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We will proceed in the same manner to evaluate [(a' — a) 2 ]. As 
before, we can write 

_Ii£l + j£l + ... + i£l 


, [*&] , j>i<i, 

+ n* + n* + 

, H x 'A , [*X] , 
+ »* + »* + 


The general average of the expression a? depends solely on the 
character of the function which determines the distribution of X y viz., 
x , and we may write 

M—*• 

Then each of the n expressions of the form 

M * 

n 2 ™ n* , 

hence, their sum total 

„i I _2 * * _,2 “™ • 

n n n n 

The second group of terms of the type 

[Vj = fcj 

n* n J * 


Since each of these factors averages zero, all their products will be 
zero. Thus we find 



or 


i/[(«'-«)*] 



We will also estimate the mean of the cubes and fourth powers of 
the differences between the special averages and the general average. 


K 
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In expanding this expression we obtain n terms of the form 
x /S /n 3 . All the other terms will contain squares of x multiplied by 
first powers of x 

[>$»,]- 

Therefore, 

K«'--A - • 

In the same way 

(a - a ) 4 = (- 1 + - 2 + + ... +<Y. 

v f \nnn nj 

Here again all those products in the expansion of the polynomial 
which contain a first power of x will be zero, hence 


If we call 
and 

we have 


( 7 ) 




[(a' - a)] = 0, 

[(«'-«)*]=£> 


We will designate the values of 




Vn 

Then we may write 


(7*) 


1 /n 


[(«'-«)]- o, 

[(a' — a) ! ] = e 3 , 

[(«'-«/] = 


l/n 6 ‘' 


[(a ; — a) 4 ] = 3e 4 + — 


c 4 - 3c 4 
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These averages, which may be used to determine the characteristics 
of the distribution of d, express, at the same time, the mean values 
of the powers of the differences a — a that may be expected in a 
series of n observations and may, therefore, be called expected errors. 

We will now proceed to evaluate the higher powers of ( a' — a). 
It is convenient to treat the even powers and the odd powers sepa¬ 
rately. We will first determine 




If we expand this polynomial term we can write 



2j)(2j>-l)..-2-l 


(1 • 2 • • • r,)(l 2 r t ) • 
X {x r ,\x\\ ■ 


• ( 1 - 2-0 
*w-l 



Since all the values of x represent the same function, every 


[<] - 

For any series containing only different values of 

r,> V- r .-i> 2 P~ r i~ r t - r u-v 

among a total of n members of the polynomial expression, we find, 
therefore, n(n — 1) • • • (n — u + 1) different combinations which con¬ 
tain the same product 

• • • af-ri-rt—— r->. 

n “i “»«-i r »» 


If in this series there are l v members for which the expon¬ 

ents are the same, their number will be 


n(n — 1) • • • (n — u + 1) 

(T 2 .../ 1 )( 12 ...g...(l- 2 ~r)- 

In oar particular case, all those products which contain the first 
power of an * will be zero, because the average value of every x is 
zero. Therefore only those values need be considered for which 
r > 1. As long as n — u -f 1 is greater than any value l r , these 
products will be the greater, the greater u is. Since, however, x 
must not appear with an exponent less than 2, the maximum value 
for u will be p. In this case all the p exponents are the same, and 
we find, therefore, for the number of equal ter ms 

n(n — 1) • • • (n — p + 1) 
l-2-.p ' 
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The average value of each os 2 is a 2 ; therefore, since all the values 
r = 2 

1 r 2 p(2p-l)- • -(2p-r,-r 2 -r„-, + l) 

L (1 • 2 • • • r,)(l • 2 • • • r,) • • • (1 • 2 • • • 

1 1 2j?(2p—1) (2p—2)(2ja—3) 2-1) w («-l). ■. ( w -y+l) 

”»*t 1-2 1-2 *" 1 *2/ 1 • 2 • ••/> 

= {( 2 />- iX 2 ^- 3 )' ••3 1}{n(n _ l)...(«-p+ 

and, if we introduce again 

a 

1 /n 

(8) - {(2?-lX2?-3) • • • 3'1} j(l- ■ ■ (l- £ i L ‘) )<* 

For any value u <p the product of n(n — 1) • • • (n — w + 1) will 
contain a less number of members than occur when every member 
has the exponent 2; and the factors of our product containing the 
powers of e, c^, e 4 , • • • will be divided by Vn p ~ u . 

Now it can be shown that the values of e, e 4 , • • • must be 
nearly of the same order. According to the remark made on p. 5 
the deviations in any class must be limited. If we designate their 
limit by L y 

[<| <L>> 

VW\ <L. 

Therefore the smaller L } the more nearly will all the values a be 
small as compared with n. If n is assumed sufficiently large, all the 
terms containing n in the denominator may be neglected, and thus 
we find 

(9) [(o' - a)*] = {(2p - 1)(2 p _ 3) . • • 3 • 1 }«* 

The same consideration shows that for large values of n 

(9-) [(a - a) 2i>+1 ] = 0. 

These approximations are sufficient as long as p is small when com¬ 
pared with n. For large values of p the approximation is not correct. 
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This series of averages of powers corresponds to the average powers 
of the exponential formula 


( 10 ) 


y = 


€l/27T 


(o'—aj* 
2c* 


We shall next determine the function which arises when we con¬ 
sider terms of the order 1 /j/n. 

For even powers [(a'— a) 2p ], values of this order originate 
through the combination of (p — 2 ) elements of the order x*, one ele¬ 
ment of the order x 3 and one element of the order x. Since the aver¬ 
age of the last of these averages equals zero, the values of [x*] are 
not changed by introducing elements of the order l/i /n. 

For odd powers [(a' — a) 2p+1 ], the values of the order 1 / Vn origi¬ 
nate by the combination of (p — 1 ) elements of the order x 2 , and one 
element of the order x 3 . 


[(a’-a )»+>] 

1 (2p + l)2p(2p-l).--2 1 n(n — ! )■•■(«-p+1) , 

— n tp (l-2)(l-2)-.. (1-2-3) ' 1 *2 • • *(p — 1 ) 9 


(2p -f l) 2 p( 2 p — 1 ) 


1 • 2 • 3 1/71 


{(2 J ,-3)(2p-5)...3 1} 




or by neglecting terms of orders higher than 1 / Vn, 
. (%P + l)(2p — 1) • • • 7 • 5 


( 11 ) 


= P 


V n 


e“- 2 el 


In order to determine the function corresponding to these average 
powers, we may write 

1 - — 

y = —-= e 2a ’(l +bx + car 1 ), 

<ry27r 


which must be its type, because the even moments give values cor¬ 
responding to the exponential function. Then we have 



1 

——e 2<r * (x + bx 2 -f cx 4 )dx = fee 2 -f 3cc 4 = 0, 
ay2Tr 

—e 2v * (x 3 + fex 4 + cx 6 )dx = 3fec 4 + 15ce 6 = — 
a V^tt Vn 
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e 


< _ 

6 e*i /n 


and 



2€ 4 |/n’ 



1 


2 «V'n 


( X 



The odd moments of this function have the values 


--[{(2p+ l)(2p—1)... 5 • 3} - {(2p+3)(2 P + 1 )• • • 7 • 5}] 

^ _ (2j? + l)(2j? — 1 ) ••• 7 • 5 

X 2^ ~ P j/« 


and therefore agree with the powers demanded in ( 11 ). 

We will also consider the form that our function takes, pro¬ 
vided the members of the order 1 /n are considered. These leave 
the odd powers as found before. The first two terms of even powers 
[(a' — a)^] are found by including in the expression ( 8 ) terms with 
the denominator n. Besides these, elements of the order 1/n 
originate through the combination of (p — 2 ) elements as 2 , and one 
element as 4 ; and also through the combination of (p —3) elements 
as 2 , and two elements as 3 . Thus we obtain 

[(o' - a)*] - {(2 p - 1)(2 p - 3)... 3 • 1 

+ ?{P ~ 9 ^ ~ 2) {(2p—l)(2p—3) ... 3 • l}e*-*e* 

2j>(2/> — l)(2/> — 2)(2p — 3) 
f 1-2 3 4n 


x {(2p-5X2p-7). 
-{(2p-lX2p-3)...3-l}«* 


• 3 • l}e Sp- 4 e| 




The function giving these average odd and even powers has the form 


V = 

( 12 ) 




ftf,_ ±_L 

1 2 e 4 v / n\ 3c 1 ) ^ ne * \ 

5 «* / 

+ 2 l^( 1- 


2x* 

e 2 + 3 


3ar* 3a ; 4 

? + ‘ 


5 • 3 • 1«® 


■i) 

)}• 
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As soon as p is large when compared with n , the approximations are 
no longer satisfactory. It can, however, be shown that differences 
between averages of higher powers do not materially alter the func¬ 
tion expressed by these average powers. 

Supposing we have two functions of the forms 


and 


2 *>o + + aj? -f • • • + a*,**") 


1 

—-= e "-"(a' 0 + a[x + a^ar* + 
eV 27r 




We will assume that their 2m — 1 first moments are the same, while 
the higher moments differ. If we call 


a — a = d 


and the difference between the 2mth moments 8 
d 0 + 1 • d 2 e* -f 3 • ld 4 € 4 + 5 • 3 • 1 • cZ 6 c 6 + • • • 

• • • + {(2m - l)(2m - 3) ... 3 • = 0, 

(1 Q -f- 3 -}- 5 • 3 cZ 4 € 4 —f— 7*5* 3d 6 € 6 

+ ...+ {(2m+l)(2m-l)...3}d 2m r- = 0, 

d 0 +(2m— 1 )d 2 c*+(2m+1) (2m— 1 )cZ 4 c 4 +(2m-f 3) (2m+1) (2m— l)d 6 c 6 
+-f {(4m —3) (4m — 5)..-(2m— l)}d 2w e 2m = 0, 

d Q + (2m+ l)d 2 c* + (2m+3) (2m+ l)c? 4 c 4 + (2 m-f 5) (2m+ 3) (2 m+ l)c/ 6 c* 
+-1- {(4m— l)(4m—3)...(2m+ l)]^ 2 * 1 


€ 2m {(2m— l)(2m — 3) • • • 3 • 1}" 


By consecutive elimination of the r — 1 first elements, we find for 
the £th element of the first remaining equation the coefficient 


{ 2t(2t - 2) (2t - 4) • • • (2t - 2r - 1)} { (2t - 1) (2t - 3).. • (2r - 1)}, 
and by subsequent elimination of the r last elements we find for the 
tth element of the first remaining equation the coefficient 
{2*(2* - 2)(2 1 - 4)... (2t - 2'^i)} 

x {(2m — 2t)(2m — 2t — 2) • • • (2m — 2 r — 2t + 2 )} 

X {(2<-l)(2<-3)...(2r-l)}, 

and by taking 

t = r and r = 2m — r, 
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we have for the coefficient of d 2r € ?r 

{2r(2r — 2) • • • 4 • 2} {(2m — 2r)(2m — 2r — 2) — • 4 • 2}. 

Since in these consecutive operations the values of the right-hand 
side are zero, except the last one, we need consider only the 
last one, which is multiplied in the process of elimination by 
{( 2 m — l)( 2 m — 3) • • • ( 2 r — 1 )}. Thus we find 

,_*( 2 r-l) _ 

* - * 2 m+lr {2r(2r - 1) -.. 2.1} {(2m - 2r) (2m - 2r - 2) • • • 4 • 2 } 

Since m is assumed to be a large value, the values d —which are 
the changes in a due to the difference in the higher moment—are 
very small, unless a is a large and e a very small value. If we take 
into consideration the differences between still higher moments, it 
can be shown in the same way that their influences are small. 


§6 


Since the particular average a is an imperfect representation of 
the average value of the function, the differences a — a, according to 
the terminology of § 1 , may be called errors of observation. Accord¬ 
ing to (7*) we have 


[(a'-a)*] 


where 

<r’=[(X-«)’]. 


In this equation a 2 is determined by the whole infinitely long 
series of observations. In any actual series of n observations a 2 is 
not known, but only the approximate value <r' 2 derived by averaging 
the n values (JT — a) 2 . It is, therefore, necessary to establish the 
relation between a and a. 



(x; - ay + (x; - a y + • • • + ( x; - a y 

——-— , 

{(X; - a) - (a' -«)}*+ {(X; - a) - (a - a)}’ + 

« » 


(X;-a) l +(X;-a) 2 +.. .(X:-a) J -2(o'-a)(X;-a+X;-a 

__ -I- 1 - X' — a) 4- n(a — of 

n 
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Since 

X [ + X' 2 + • • • X' n = na', 

* (x;-a)* + (x;-a) 2 +...+ (x; - ay - n(a' - ay 

a n 9 

and 

(7) [( «'- a ) 2 ]=^ 

therefore 



n 


and by substitution in (7*) 

(13) e-i/[(«-«•)*]--==. 

This equation may be expressed in words as follows: The expected 
mean square error of the average is proportional to the mean square 
deviation and inversely proportional to the square root of the number 
of cases less one. 

As an example the measurements of the proportions of length and breadth of 
head of twenty-five Indians of the interior of British Columbia may be given. The 
average obtained from the series is 83.4. The first column in the following table 
contains the measurements X ; the second, their frequencies F(X); the third, the 
values of (X —a'); the fourth, (X —a') 1 ; the fifth, these squares multiplied by 
their frequencies, and at the foot of the columns, the computation of the mean 
square deviation of the series. 


n = 25; Average = 83.4. 


X 

F\X) 

X—a' 

1 (AT-a')* 

F\X)(X-<t') 

77 

1 

— 6.4 

40.96 

40.96 

78 

— 

— 6.4 

1 29.16 


79 

1 

— 4.4 

19.36 

19.36 

80 

2 

— 3.4 

11.56 

23.12 

81 

2 

— 2.4 

5.76 

11.52 

82 

3 

— 1.4 

1.96 

5.88 

83 

5 

— 0.4 

0.16 

0.80 

84 

3 

+ 0.6 

0.36 

1.08 

85 

3 

+ 1.6 

2.56 

7.68 

86 

1 

+ 2.6 

6.76 

6.76 

87 

1 

+ 3.6 

12.96 

12.96 

88 

1 

+ 4.6 

21.16 

21.16 

89 

2 

+ 5.6 

31.36 

62.72 





Total, 214.00 


,2 

<T = 

S ( X -“'>’ = 8 .56, 
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a 2 = 


S( X-a') 2 
n — 1 


= 8.91, 



zfc 2.98. 


Mean square error = dr 2.98/4.9 = dr 0.608, that is to say, we may expect that, 
on the average, the square root of the mean square difference between the average 
of the typical series and onr special series will have the value 0.608, either positive 
or negative. 

In this manner the constant in (10) may be determined, and by 
means of a table, giving the values of the function 


y = 


1 

e|/27r 


-(a'-a )3 

e 2 «* , 


the frequency of any particular value of a may be determined. 

If we do not make the approximation from which the exponential 
formula was derived, but go back to the-formula (7) (p. 17), it 
appears that the values <r v <r 4 • • • must be determined. These values 
are not known, and their relation to <r', <r' •. • must be investigated. 
The method may be illustrated by the discussion of the value of <r'. 

We proceed as before (p. 23), and write for every term 


X' - a' = (X' - a) - (a' - a). 
The cubic expansion of the average gives 

1 -«')*+(*; -<■')*+•••+ (*: - «?} 


n 


= -{(X;-a)* + (X;-a) s + ... + (X:-a)»} 
3(o' - a) 


n 

3(a' - a) 2 
n 


{(X; - ay + (X' — a) 2 + • • • + (X;- «)*} 

n(a'— a) s 


{(x; - «) + (x;-«) +... +(x;-a}- 


n 


The four terms on the right-hand side of this equation may be 
averaged singly 

[s «•*■;-«)■+(•*;-«)*+•••+(^: - «n ]=«j. 

For the second term we must determine the average of the ex¬ 
pression of the form (X' — a)\a — a), whose factors are not entirely 
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independent of one another. If we arrange these so that all X x that 
have the same value are grouped together, we can write 

a' = - (X x + X 2 + X 5 + • • • + XJ 


Since we have not made any conditions for X v X v • • • X n , the 
average of each of them will be a, and we have 

[“'] -^ l X i + ( n - !)«] =« + 


Therefore for a certain X. 




and for all possible X 


[(jr;-a)X«'-«)]—jf. 


In the third term the sum [{(X[— a)+(X' — a)H-|- AT'— a)}] 

for any particular a equals n(a — a). Therefore the whole term 
will equal 3(a' — a)\ According to (7) 


Therefore 


3 [(«'-«)*]- 



l(X' - a') s ] 


•i- 


3 ^ , 

n ’ + " n 2 n 2 


(14) 



<rj(n - l)(n - 2) 


(n-l)(n-2) 

°3 n * 


§7 

It seems desirable to discuss at this point a few properties of the 
powers of a function. We will call, as heretofore, 

and the deviations from the average 

x = X — a. 
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It follows that 
and 


(15) 


W-o 

[X r ] - [(a + *)']. 


[X]=a, 

[X*] =«>+[**], 

[X s ] = a* + 3a [x 1 ] + [s’], 

[X 4 ] =a 4 + 6a* [O + 4a [X s ] + [**], 

[X^ = a^^a'- s [**] 


r(r—l)(r—2) , r 

+ ' 1-2 3 * M+-" 


01 • 


In calculating the values of [af] it is convenient to measure X 
from an arbitrary unit situated near a, which we will call c. We 
will also call 

c — a = d 

and 

X= c + z; 

then 


c + z a a + z, 


2 = # — d y 


and, as above, 


[O = [(*-<*/], 


(16) 


M--* 

M - M + 

[O = [X s ] - 3d[o - d s , 

[z 4 ] - [x 4 ] - 4d[x s ] + 6d 2 [0 + d*, 

M = [<1 - ly-*] + • • • 


•••+ r w- ) (-^- 2 [<i + (- d ) r - 


By applying formula (16) the calculation of [x r ] may be much 
simplified, since we have to take the averages only of the powers of 
the small integers 2 , instead of the fraction x. For the table given 
in § 6 we may assume, for instance, 

c= 83. 
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Then the original table may be arranged as follows: 


X 

x = X—c 

F{*) 

zF(m) 

1 ^ 


n 

— 6 

1 

— 6 

36 

36 

78 

— 5 



25 


79 

— 4 

1 

— 4 

16 

16 

80 

— 3 

2 

— 6 : 

9 

18 

8 * 

— 2 

2 

— 4 

4 

8 

82 

— 1 

3 

— 3 

1 

3 

83 

0 

5 


0 


84 

+ 1 

3 

+ 3 

1 

3 

85 

4-2 

3 

4 - 6 | 

4 

12 

86 

4-3 

1 

4 - 3 

9 

9 

87 

+ 4 | 

1 

4 - 4 

16 

16 

88 

4-5 

1 

+ 5 

25 

25 

89 

+ 6 

2 

4-12 

36 

72 




— 23 + 34 


218 




+ 11 




d= - 0.4, d* = 0.16, 


c = 83, 0*] _ 8.7. 

Therefore 

c-d=a= 83.4, [z*] -d* = [sc*] _ 8.56. 

§8 

According to equations (7) the expected mean value of the powers 
of (a' — a) depends upon the values of a, o* 4 . It is therefore 
important to determine also their average accuracy. 


<=[<]> <-[<!• 

[<] - M- 

We may estimate here also the average variations of c' r by squar- 


Therefore 


mg 


( - \ n *■ n *■ 1 n J ’ 


[«-<) 2 ] 


[K-O 2 ] [Q-2<'[<| +of 


( 17 ) 

and especially 

( 17 *) 


n 


[(°-' 2 - • 
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If we call a' r = <r r -f e r and consider c r as a small value, we can 
write 

and 


€ = 

r ra : _l > 


-(O 2 

n 


(18) 

For a the value will be 
(18-) 

Here a r and a 2r are known only approximately and we may esti¬ 
mate more strictly 

[«-<)*] - [«-<)-«-<)]’=[«-<)]•- [«-o 2 ], 


By substitution in (17) 

(19) =-^r 


»2r /2r 

Sr 


It is easy to prove in the same way as has been done for a — a, 
that <r' r — a r r must be distributed the more nearly according to the 
exponential law, the greater n is. 

§9 

It was stated on p. 5 that the most convenient way of represent¬ 
ing the distribution of the measurements of a variable is by count¬ 
ing the number of measurements that occur within convenient in¬ 
tervals. In many cases this is the only feasible method of taking 
the measurements. 

The question therefore arises as to how far the measurements 
grouped in such intervals agree with the theoretical series or what 
corrections have to be made. 

If we imagine the series of observations recorded in intervals of 
dj2 and if the number of cases in the interval of X— d/2 and X 
is f(X — d/4), we have, the average obtained under these conditions 
being designated by a drt} 

»** ■- [(*- i )■ f i X ~ i) + ( X+ i ) 1 ( X+ j) + •'' ]• 

In order to compare this average with the average obtained when 
3 
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intervals d are used, we may write 

- [(*- i+ i)/ (*" i)+(*+ i~ i) } ( x+ i) + ] 
= [( X -i) / ( X -i) + ( X+ i) / ( X+ i) + ' 

- + i{ / ( x -i)- / ( x+ s)} + -} 

The second part of our series is determined by the value of 

[/( x -i)- / ( x+ 0 + ":W / ( x -*) 

+/ (^ +¥)+ ...]_[ / (x.-^) +/ ( x ^ + ¥)-..]. 

The negative element on the right-hand side of this equation may 
be expressed by 

••• y-t + y* + y+i + y+i •••- 
Then provided the interpolation formula (§ 2) is valid 

*!-••• + c -J/-2 + Wo + Wt + Wi+"-> 

where the values c designate certain constants. By the same formula 
we find 

&-••• + c -#o + W% + Wa + We + * ‘ •» 
and by adding all these values, 

+ y~» + y-i + Vi + Vi + ••• = (••• c_, + c 0 + c, + c 4 + • • •) 

x (• • • y~2 + y 0 + y* + y t + • • •)• 

This presupposes that the frequencies for large positive or negative 
values of X will be very small. According to our definition of vari¬ 
ability, this must always be the case (see p. 5). 

We can show in the same way that 

• • • + y -2 + Vo + & + Vi +••■-(” ' C -2 + C 0 + C S + C 4 + • • •) 

x (•••y_, + y_ : + y 1 +y, + •••)> 

and therefore 

• • • + y-2 + Vo + y 2 + Vi +•••=•• -y_ s + y_! + y x + y 3 + • • •. 

It follows from this that the difference between these two values is 


Digitized by LjOOQLe 



COMPARISON BETWEEN SERIES 


31 


zero, and that 

(20) a_ d = a w 

provided that the interpolation formula adequately represents the 
frequency function between the limits of any X and X + d. 

We can calculate in the same way, provided the interpolation for¬ 
mula is applicable, 

t)X x -0 + ( x+ ?-0’ / ( x+ 0 + '' ] 
-[( x -OX x -0 + ( x+ OX x+ O] 

+ l[( x -i) / ( x - 0 -( x+ S / ( x+ 0 + -] 

+w[X x -j) +/ ( x+ 0 + ■]• 


It has been shown before that the second term of the sum is zero, 
therefore 

<P 


_2 _ -2 , 

a d — °d/1 ' | 0 * 


By continued division we find 



2 ^2 , u 
a d/2 “ °d/ 4 ' 04 

and 

, , * # 
ff “ = ^ + 16 + 64 + 

(21) 

. * 

= < ^ + 12' 

In the same way 

we find 

(22) 
and for 

•i<—s 


= fall* + 

'• + 


~ °4. d/2 + 


d* 

256 

3d* 

256 


and by continued subdivision 


<d = < + K^ + ^ 


(23) 


< = <d-K dS + 24o d4, 
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For example, for the table on p. 24 we found for interval 1 the 
value of a 2 = 8.91, the corrected value <r 2 — P would be, therefore, 
8.91 — 0.08 = 8.83. The actual results for the calculation of the 
average and of the mean square variation may be seen from a group¬ 
ing in larger intervals of the material given on pp. 5 and 6. 


1055-1076 

1 

1045-1065 

1 

1075-1095 

2 

1065-1085 

2 

1095-1115 

3 

1085-1105 

1 

1116-1135 

6 

1105-1125 

5 

1135-1155 

5 

1125-1145 

6 

1165-1175 

26 

1145-1165 

11 

1175-1195 

48 

1165-1185 

44 

1195-1215 

83 

1185-1205 

52 

1216-1235 

93 

1205-1225 

95 

1235-1265 

121 

1225-1245 

104 

1255-1275 

136 

1245-1265 

130 

1275-1295 

105 

1265-1285 

135 

1295-1315 

106 

1285-1305 

108 

1316-1335 

83 

1305-1325 

89 

1335-1355 

46 

1325-1345 

62 

1365-1375 

21 

1345-1365 

35 

1375-1395 

11 

1365-1385 

14 

1395-1415 

4 

1385-1405 

4 

1416-1435 

2 

1405-1425 

3 

1435-1455 

— 

1425-1445 

1 

1455-1475 

1 

1445-1465 

1 

1476-1495 

1 

1465-1485 

1 

1495-1515 

1 

1485-1506 

1 

a 

126.50 


126. 

a 

±5.64 


±5.i 


1055-1085 

3 

1045-1075 

1 

1035-1065 

1 

1085-1115 

3 

1075-1105 

3 

1065-1095 

2 

1115-1145 

9 

1105-1135 

8 

1095-1125 

6 

1145-1175 

28 

1135-1165 

14 

1125-1155 

8 

1175-1205 

79 

1165-1195 

65 

1155-1185 

53 

1205-1235 

145 j 

1195-1225 

136 

1185-1215 

104 

1235-1265 

184 

1225-1255 

171 

1215-1245 

147 

1265-1295 

178 

1255-1285 

198 

1245-1275 

203 

1295-1325 

154 

1285-1315 

149 

1275-1305 

170 

1325-1355 

81 

1315-1345 

110 

1305-1335 

124 

1355-1385 

30 

1345-1375 

40 

1335-1365 

62 

1385-1415 

6 

1375-1405 

13 

1365-1395 

16 

1415-1445 

2 

1405-1435 

4 

1395-1425 

5 

1445-1475 

1 

1435-1465 

1 ! 

1425-1455 

1 

1475-1505 

2 

1465-1495 

1 I 

1455-1485 

2 



1495-1525 

1 

1485-1515 

1 

a 

126.52 


126.48 


126.42 

o 

±5.64 


±5.63 


±5.63 
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1045-1095 

3 

1055-1105 

4 

1015-1065 


1025-1075 

1 

1095-1145 

12 

1105-1155 

13 

1065-1115 

5 

1075-1125 

8 

1145-1195 

76 

1155-1205 

105 

1115-1165 

20 

1125-1175 

34 

1195-1245 

230 

1205-1255 

266 

1165-1215 

148 

1175-1225 

174 

1245-1295 

308 

1255-1305 

306 

1215-1265 

277 

1225-1275 

307 

1295-1345 

216 

1305-1355 

170 

1265-1315 

284 

1275-1325 

259 

1345-1395 

51 

1355-1405 

34 

1315-1365 

145 

1325-1375 

102 

1395-1445 

6 

1405-1455 

4 

1365-1415 

20 

1375-1425 

16 

1445-1495 

2 

1455-1505 

3 

1415-1465 

3 

1425-1475 

2 

1495-1545 

1 



1465-1515 

2 

1475-1525 

2 


a 126.55 126.51 126.47 126.43 

o ±5.80 ±5.70 ±5.81 ±5.80 


or corrected a = ±5.62 


According to (13), the mean square error of our result will be 


Vn — 1 


5.62 

—=-= dz0.19. 
1/904 


It appears, therefore, that here, even when our values are combined 
in groups of 5 cm., the difference between the averages and the 
average obtained from a finer subdivision is less than the mean 
square error. Since the accuracy of the results can never be greater 
than the expected error, there is no need to use a subdivision which 
is so fine that the mean square error is much larger than the effect 
of the size of the intervals upon the result. The amount of labor 
involved in our calculations will depend upon the number of sub¬ 
divisions of the range, and it is, therefore, desirable to determine 
the most favorable division of the range before commencing any 
lengthy computation. 


B. Comparison of Limited and Unlimited Series . 

§ 10 

We have heretofore considered the relation between certain aver¬ 
ages of an empirical series and the infinitely long series which it 
represents. We will now take up the question of how far the empir¬ 
ical series corresponds in detail to the unlimited series. This question 
may best be approached by assuming the unlimited series to be 
known, and by investigating how far the limited series corresponds 
to the unlimited one. If a certain measurement in the unlimited 
series—which we shall call the type series—occurs with a certain 
relative frequency, the question arises whether in a limited series of 
observations we may expect this measurement with the same relative 
frequency, or whether it is probable that other relative frequencies 
may be found. 
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To solve this question a number of simple definitions and proposi¬ 
tions relating to the theory of probabilities are required. 

1. Probability p is called the ratio between the frequency / of 
an event and the total number of cases n in which the event may 
occur. 

< 24 > p-{ 


If I throw one 10,000 times among 60,000 casts with an ordinary 
die, the probability p of the throw one is 10,000/60,000. Since the 
frequency / can never be less than zero nor more than n, it follows 
that p is always a proper fraction. 

It follows from this definition that the frequency is equal to the 
product of the probability and the number of cases. 


(25) f=pn. 

2. If one event (A) has the probability p v another (B) the proba¬ 
bility p v the probability that either the event A or the event B 
will occur is 

(26) -P=i>, +Pr 

In a number of cases n the event A occurs with the frequency /„ 
the event B with the frequency f r If the two events are entirely 
independent, their combined frequency—that is, the frequency with 
which either one or the other event may be expected—will be 
/, +/ 2 , and their probability, therefore, 


fi +/a 
n 


= Pi+Pr 


3. If one event has the probability p v another entirely indepen¬ 
dent event the probability p v the probability that both will occur 
jointly 

(27) P-PtPr 

In a number of cases n the two events A and B are to occur. 
There are/, cases in which event A occurs. Among these, event B 
may occur /, p 2 times, so that /, • p 2 gives us the frequency of all the 
cases in which both events occur. Their probability is, therefore, 


Ap» 

n 


= PiPr 


Provided a certain event has the probability p } this probability 
being its relative frequency in an infinitely long series, then the 
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probability that the event does not occur will be 1 — p. This value 
may be called q . If we indicate the occurrence of the event by 1, 
its non-occurrence by 0, then in a series of n observations the fol¬ 
lowing groups of combinations may occur. 

The event does not occur at all among n cases 

000 - 000 

I. The event occurs once, and does not occur n — 1 times. 

100 - 000 
010-'-ooo 
001-000 

000 • • • 100 
000 • • • 010 
000 • • • 001 

II. The event occurs twice, and does not occur n — 2 times. 

no • •• ooo 

101 • • • ooo 

100 -100 
100---010 
100 • • • 001 
Oil --ooo 

010 • •• 100 
010 •• • 010 
etc. 

In the first case, namely when the event does not occur at all, 
every non-occurrence has the probability q 9 consequently the proba¬ 
bility that the event does not occur n times is, according to (27), q*. 

In Group I. we must consider the various combinations singly. 
The n — 1 cases of non-occurrence have each the probability q; the 
single case of occurrence has the probability p ; consequently every 
combination has the probability pq n ~ l . 

In the same way we find that in Groups II., III., • • • r, each com¬ 
bination has the probability p 2 q n ~ 2 f p z q n ~* 9 • • • and for Group r 

(28) .P'r =s p r Q n r * 

Since, for our particular purpose, we want to know how often 
among a group of n observations the event occurs r times, the order 
of occurrence and non-occurrence is irrelevant, so that, according to 
(26), the total probabilities of r occurrences among n cases is found 
by adding the probabilities of all the cases in each group. It is 
obvious that there is only one case when the occurrence does not 
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take place at all. In Group I. the case of occurrence may be in 
the first, second, • • • nth positions. There are, therefore, n cases 
contained in this group, so that the probability of one occurrence 
out of n observations will be npq n ~ l . 

In Group II. it appears, from what has been said before, that 
taking only those cases where occurrence is in the first place, there 
will be n — 1 positions for the second occurrence. Since the first 
occurrence may be found in all positions from the first to the nth, 
there are in all n(n — - 1) cases possible. It is, however, obvious 
that here those cases have been counted twice in which the first and 
second occurrences have exchanged positions. For instance, the 
case where the first occurrence is in first place, the second in second 
place, is identical with the case where the first occurrence is in sec¬ 
ond place, the second in first place. The total number is, therefore, 
only one-half of the total combinations obtained, namely, n(n— 1)/1 - 2. 

We can continue in this manner and find that for Group III. the 
number of different combinations is n(n — l)(n — 2)/l *2 -3 and 
generalized for Group r 

n(n — l)(n — 2) • • • (n — r + 1) 

1^277 ~r ’ 

and, since the probability of each is, according to (28), p r q n ~ r , we 
have the total probability of a combination of r occurrences and 
7i — 1 non-occurrences. 


(29) 


i\.» = 


k(» _ l)(w - 2) • ■ • (» - r + 1) 

1-2-3 • ■ pq 


A better proof of this formula may be given in the following 
manner. Provided F r n is the frequency of the combination of r 
occurrences among n occurrences, then we may determine its fre¬ 
quency among n + 1 occurrences. The one added case may be in 
1st, 2d, 3d, etc., to the n + 1st position, and for each of these posi¬ 
tions F rn combinations will occur. Thus will originate (n -f 1 )F r n 
combinations. In the one added case the event shall not occur. We 
have, therefore, the combination 

0(111 ...ooo...). 

In every one of these n -f 1 groups the place of the one additional 
case of non-occurrence can be taken by the 7i — r cases of non-occur¬ 
rence in the original series, so that, including the additional case, 
there are in each group n — r -f 1 cases in which occurrences and 
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non-occurrences follow in the same order. The total number of 
combinations is, therefore, 

F - n+1 F 
r ' n+l ~n — r + 1 r -"' 

The group which contains the case in which the event occurs every 
time has only one combination ; that is, if we take n = r, 

F r , r = 1 , 

r + 1 


F r,r+l = 
F r , r+2 ~ 


r+l ~ J 

(r + 2)(r + 1) 
1-2 ’ 


and for 


For F n 


F - F - "(»-!)•••(>• + 1) 

r r,n — r r,r+(n-r) 1.2 ...(» — r) ' 

,we find 

_ _ n(n — !)••■(« —r+ 1) 

^n- r, n -C n —r, (n-r)+r 1*2 •••7’ , 


By multiplying the value found for F r n with 


we find 


therefore 

(30) 


r(r — 1) • • • (n — r + 1) 

(n — r + l)(n — r -f 2) • • • r 


= 1 


n(n — 1) • • • (n — r + 1) n(n — 1) • • • (r + 1) 
1 • 2 • • • r — 1 • 2 • • • (ft — r) 9 

F = F 

-*■ n— r, n r.n' 


Since, according to (28), the probability of each combination of 
Group r is p r (f~ r y we find for the total probability of r occurrences 
among n observations 


(29) 


_ n(n— !)•••(« — r-H) 

1 -2 •• -r ' 


This probability is equal to the (r + l)th term of the binomial ex¬ 
pansion (q + p) n ; and for this reason the law expressing the proba¬ 
bility of r occurrences in a series of n observations of an event which 
has the probability p is called the binomial law. 

§n 

It is important to investigate a few of the characteristics of the 
binomial law. First of all we will determine for what value of r the 
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probability reaches a maximum; that is, for what value of r 


and 


Pr,n-P r+l , n = 


Pr,n~Pr+l,n>0 

Pr, n ~Pr-X,„>0 


Pr,n — P r— 1 , n — 


1-2 

v-r J 

n 

n(n — 1) • • • 

nr 

i 

•j 

t 

1-2 

• • «r 1 

n(n — 1) • • • 

(n — r + 1) 

1-2 

■ •. r J 

n(n — 

” 1 

n(n — !)••• 

(n —r + 1) 


1-2--.(r+ 1) 


r+1 „-r-l 


- p r +q n 


1 *2 •• • (r — 1) 


-p'-'r 


-r+l 


therefore 

when 

or 

and 

when 


Pr,n — P r+l, n > 

n — r p 

1 -—T ->° 

r+l? 

r > np — q ; 

Pr , n — -Pr—1, n > 0, 
1- r 


or 


n — r + 1 p ' 
r < np — q + 1 ; 

that is to say, r is the integer between np — q and np — q + 1. If 
np is an integer, this value of r 


r m*x = n P- 

If np is not an integer, it is the nearest integer under or over np. 
Thus we have found that the greatest probability belongs to that 
frequency of the event which corresponds most accurately to its 
probability. 

§12 

In order to gain a better insight into the distribution of those 
frequencies which differ from the typical frequency, we will compare 
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those values which are equidistant from the maximum frequency, 
which, for convenience sake, may be considered an integer 

r, = np + s, 


r, = np - s, 




W (n—1) ■••(» — np-s+1) 


1 • 2 • • • (np + «) 


P 


n(n — 1) • • • (nq — 8 + 1) 

1-2.--(np + 8) P q 9 

_ w(w - 1 ) ■ (nq_+$_ +1) 

'*•* _ l-2---(np — s) F q ’ 

-P,,,, = ( nq + «)(ng + « — 1)... (r^ — « + l) p u 
p r„n (np + s)(np + « _])... (np — « + 1)^ 

( 1 + 4 )( 1+1 ^ i )'( 1 - 1 ^ 1 ) 


If we consider 8 as so small in comparison to np and nq that the 
fractions may be disregarded, the value is nearly equal to one; that 
is, the distribution will be nearly symmetrical. If we assume 8 as 
so small in comparison to np and nq , that the higher powers of s/np 
and s/nq may be disregarded, we have 



1 + 


1 + 


nq 

* +(«-l)r ••• [ — (• — !)] 
np 


nq 

1 + “ 

np 



8 

np 


. <p-q) 

npq 


It appears from this equation that the degree of asymmetry will 
be the same for large values of np and nq as long as the proportion 
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of s and npq remains the same. It also appears that the more 
nearly p and q are equal the greater will be the symmetry of the 
whole series. 

We may also determine the same proportion when we consider 
the next higher powers of sjnq and sjnp. We have then 


•[(*—!) + (» — 2) + -- (—«+!)] 
j ± + (g — 1) [g + (8 — 2 ) -) -(—8+1)] + 


nq 


n‘q‘ 


g[(g — 1) + ( 8 — 2) + • • • (— 8 + 1)] 

+ (8-l)[(8-2) + ...(-8+l)] + 


1+ « P + 


n y 


It can easily be shown that the third terms in numerator and de¬ 
nominator 

V (8-1)8(28-1) 

“ 1.2.3 

Thus we find 


! ■ « ( 8 - 1 ) 8 ( 28 - 1 ) 

p n n = nq 1.2.3 n g* _ 

P^n ~ j , ± _ (8 - 1)8(28 - 1) 
np 1.2.3 np 2 


or, if 

are disregarded 
(31) 


= 1 + 


(p- q) | 

npq ' 


1.2.3 npq /’ 


g 2 

(npq ) 2 


and 


8 

( n pqf 


= i + 


p_p-_q 

npq 



§ 13 

We will next estimate the probability of the event occurring less 
than s times among n times. 

w(w — !)■••(« —8 + 1) 

* 1-2.-.8 pq ’ 

P.<n‘p‘q n 

<(?)>• 

It follows from this that the sum of all the probabilities of the event 
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occurring 0, 1, 2 • • • 8 times 



It is easy to show that the numerator decreases with increasing n. 


(TP-C-t 1 


l) 


•+1 


Since q is a fraction, the last product will be a fraction as soon as n 
is taken sufficiently large. It follows that from a certain value of n 
up, the product ( np/q) t+1 q n becomes smaller and smaller: therefore 
the value 2j(P,) will also become smaller and smaller with increas¬ 
ing values of n. 

§ 14 

We will finally compare the frequency at the point np + with 
that at the point np + * 2 . 




n(n — 1) 

F2 


(ng-«,+ 1) 

(np + «,) 


pnp+»iq»i-* f 


p = 


n(n — 1) • 


1-2. 


(nq - « 2 + 1) 
(np + * 2 ) 




= (nq - «, )(nq - - 1) • • • (nq - « 2 + 1) j>«— 
An-* («P + *, + l)(ni> + «, + 2) • • • (np + « 2 ) }•»-> 



) 

)' 


If we assume that (s\ — s\)jnp and (« 2 — sty/nq are so small that 
their higher powers may be disregarded, we have 


. («2 ~ + 8 2 ~ !) _ (*2 ~ « lX 8 l + «2 + 1) 

A P+)1 2ny 2np 




« 2 ~»? («2 - ~ g ) 


We will call 


2 npq 


2npq 

S 2 5 i = 
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and assume 


rd. 


P * p+ (r + iu 1 _ «P( 2 r + 1 ) _ d(jp q) 
p np+rd Znpq 2 npq 

We will add all the probabilities for the points np + rd + 1 , 
np + rd + 2 , •. • np + (r + l)d. 

+ ny + rJ+2-l- P *p+7+ld __ J _ (l+2 1 +3*-|-<£*) (2f+ 1) 

Znpq 


np+rd 


= d- 


= d[l- 


(1 + 2 + • • <*)(,>- 9 ) 

2npq 

d(d + l)( 2 d + l)( 2 r + 1 ) d(d + 1 Hp- g) 

1 • 2 • 3 • 2 npq 1 • 2 • 2npq 

<P(2r + 1 ) d(r + p) 2 r + 1 + 3 (p — q)' 


+ 


6npq 2 npq 12 npq 

The ratio between the second and third terms of this expression 


>]• 


g( 2 r+ 1 ) . d(r + p) 
2 n^ 


3(r + p) 
1 2 r+ 1 


6 npq 

and the value of this ratio lies between 

d : 3p (for r = 0 ) and d : £ (for r = oo). 

In the same way the ratio between the second and last terms can 
be shown to be between 

+ —?) and d * : h 

Therefore if d is taken sufficiently large, which implies also an n 
sufficiently large, the third and fourth terms may be disregarded, 
and, by designating the sum of the probabilities between rd and 
(r + l)d by P r) we have—designating the sum of the values P r by 
2P — 


(32) 


np+(r+l)d 

£ p - 

np+rd 


» Al ggL±i) 1 

np+rd 6npq J 


Since, according to § 13, all the terms beyond sufficiently large 
limits of rd can be made as small as we desire, we can say 

cP( 2 r+iy 


2P r =l = 2P„^d 


If we assume 


r d*( 2 r +1)1 

L ^pq }■ 


d = c\/ npq 9 
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we find that 

[l - 6 + ~ ] = 1. 

In the same way we find for a second series 

2p; y+ „ J ,- w cv'W[i - «»+ 1} ]= l > 

and 

^Pnp+rcJ^Vnpq = ^Pn’p>+rcJ^C\/npq. 

Since this equation must hold for any value of r and c each 

-F*np+rc JnpqC ^/ = ^n'p'+rcJn'p'q& Vnp q , 

or 

(33) P np + re Jw • P'n'p'+rcj ;W = V Vp ’*. l/fip^. 

In other words, for sufficiently large values of np and nq the proba¬ 
bilities for points removed from the most probable point by equal 
multiples of Vnpq are inversely proportional to this value, and 
therefore equal for series in which Vnpq has the same value. 
According to (32) we have, by substituting for d, c Vnpq, 

According to (33) this value is constant. 

In other words, for sufficiently large values of np and nq the total 
probability between two limits is always the same when the limits 
are the same multiples of Vnpq . This value is, therefore, the stand¬ 
ard by which the probabilities of deviations from the normal fre¬ 
quency are measured, and is called the standard deviation, and may 
be designated by a. 

We may now summarize the results so far obtained. We have 
found that when a limited series of n observations is taken, which is 
a representative of an infinitely long series in which a certain event 
occurs with the probability p, then the most probable frequency of 
the event will be np. Deviations from this frequency are found 
with frequencies corresponding to the binomial law. By a series of 
approximations it has been found that, if np and nq are large values, 
the distribution of frequencies will be very nearly symmetrical around 
the value np, and the frequencies of points far removed from the value 
np will be negligible. In this case frequencies of deviations from 
np will be, in various series, inversely proportional to Vnpq } when 
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the deviations are the same multiples of l /npq ; and the total prob¬ 
ability of finding any deviation between two limits will be the same 
as long as the limits remain the same multiples of \/npq. 

If, therefore, a table is computed for the binomial terms, the 
probability of any deviation, and also the probability of finding any 
deviation inside of certain limits, can be determined. For large 
values of Vnpq a single table will be sufficient. 

For our particular purpose it is desired to know how probable it 
will be that the frequency of an event will lie within certain limits 
deviating from the desired value np. We may wish to determine 
how often, in a number of series of n observations, we may expect a 
frequency that lies between np — x and np + x . If, for instance, it 
can be determined that among 1,000 such series the frequency can 
be expected only five times to fall outside of these limits, we may 
conclude that it is reasonably certain that the value p , which we 
can not determine by direct observation, lies between these limits. 
For large values of np and nq it has been calculated that the proba¬ 
bility of finding a frequency between np — x and np + x is 

0.632 for x = Vnpq , 

0.954 for x = 2 V npq, 

0.997 for x = 3 Vnpq. 

It appears, therefore, that in the last case we may be almost certain 
that the true value will not differ from the empirical value obtained 
from n observations by more than 3 Vnpq . Since the probability of 
this difference is determined by the measure Vnpq, we may call this 
value also the standard error and designate it, as has been done in the 
preceding pages by e. 

The following table of probabilities of deviations 1 exhibits the 
degree of accuracy of the approximation discussed in §§ 11-14 when 
the value of n is not large : 


P = i 

n = 36 

V npq = 3 

II 

n —100 

Vnpq = 5 


Probabilities. 



Probabilities. 


No. of Oc¬ 

Approxima¬ 

Binomial 

No. of Oc¬ 

Approxima¬ 

Binomial 

currences. 

tion. 

Formula. 

currences. 

tion. 

Formula. 

18 

0.132 

0.132 

50 

0.080 

0.080 

17-19 

0.383 

0.382 

49-51 

0236 

0.236 

15-21 

0.757 

0.757 

45-55 

0.729 

0.729 

12-24 

0.970 

0.971 

40-60 

0.964 

0.965 

9-27 

0.998 

0.999 

35-65 

0.998 

0.998 

6-30 

0.99997 

0.99999 

30-70 

0.99996 

0.99997 


When p and q differ, the approximation is not quite so good. 

1 H. Westergaard, ‘ Die Grnndzuge der Theorie der Statistik,* pp. 68, 69. 
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n =. 100 

Vnpq — 3 


n — 1000 

Vnpq — 9.6 


Probabilities. 



Probabilities. 


No. of Oc- 

Approxima¬ 

Binomial 

No. of Oo- 

Approxima¬ 

Binomial 

currences. 

tion. 

Formula. 

currences. 

tion. 

Formula. 

10 

0.132 

0.132 

100 

0.042 

0.042 

6-14 

0.866 

0.870 

90-110 

0.732 

0.732 

1-19 

0.998 

0.998 

80-120 

0.970 

0.969 


v ,According to what has been said before, the approximation gives a 
symmetrical formula, while the binomial formula is the more asym¬ 
metrical the smaller the value of n. If we calculate the probabili¬ 
ties of positive and negative groups separately, according to both 
formulas, these differences appear clearly. 1 


P — A 

» = 100 

V / np® = 3 


Probabilities. 


No. of Oc¬ 
currences. 

Approxima¬ 

tion. 

Binomial 

Formula. 

10 

0.132 

0.132 

below 10 

} 0.434 

0.451 

above 10 

0.417 

6-9 

} 0.367 

0.394 

11-14 

0.344 

1-5 

15-19 

} 0.066 

0.057 

0.071 


P — iV 

n = 1000 

Vnpq = 9.5 


Probabilities. 


No. of Oc¬ 

Approxima¬ 

Binomial 

currences. 

tion. 

Formula. 

100 

0.042 

0.042 

below 100 

} 0.479 

0.485 

above 100 

0.473 

90-99 

} 0.346 

0.351 

101-110 

0.339 

80-89 

} 0.119 

0.120 

111-120 

0.117 

60-79 

} 0.016 

0.014 

121-140 

0.017 


This asymmetry may be taken into account by using (31). If 
we assume that the degree of asymmetry is small, and call P zn 
the probability of the point x for a series of n observations, P x its 
probability for a series of very many observations, we may write 


P Z ' % = P x {\+d\ 


=p x (\-d). 



= (1 + 2d). 


According to (31) 


therefore 


P- z ,» npq 






d = 


Pj -q 

'Inpq 


( X 


jL.\ 

Snpq ) 


§15 


We will now apply our considerations relating to the averages of 
powers (§§ 5-7) to the binomial law. We have in this case 
1 H. Weetergaard, ‘ Die Grandziige der Theorie der Statifltik,’ p. 69. 

4 


/ 
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'Js" 1 _ jj ^X„n-X 


1-2 


-p x q*~ 


— nplX '- 1 ”( w *X n _ ^)' " ( n _^ p x-y»-i)-(x-i) 

P ^ 1 - 2 -..(X-l) * T 


If we call 


J£-l 


[X r ] = np2(l + v) r ' 


-i ( w ~ 1 X W — 2 ) • 


1-2 


• (n — 1 — v + 1) . 

jpY 


= np 


ix» - *) •• •(» 

v ' 1 -2 • • • v 

l (r - l)(r- 2) ^ 8 (n-l)(n-2) • • ■ (n-l-tH-1) 


1-2 


1 - 2 . -v 


PY 
PY~ 


+ .. 

(n - 1 Vn - 2) . • • (n - 1 - i> + 1) 

+ 2t? r ~ 1 v -^ v - »V“ 

1 *2 • --v r * 


In this manner the successive values of [X r ] may be calculated. 
If we designate the number of cases from which the average is de¬ 
rived by an inferior mark, we have 

[X-]. - «P {l + (r- 1)[X]._, + (’•- 1 Xp 2 > 4 

Thus the following values are found 


(34) 


l X *]n - «P + K n “ i)?*. 

[X s ] n *= np + 3n(n — l)p* + n(n — l)(n — 2)p s , 

[X 4 ] n = np + 7n(n — 1 )p 2 + 6 n(n — 1 )(n — 2)p s 

+ n(n - l)(n — 2)(n - 3)p 4 , 
[X 5 ] b = np + 15n(n — l)p 2 + 25 n(n — l)(n — 2)p s 
+ 10n(n — l)(n — 2)(n — 3 )p 4 

+ n(n — l)(n — 2)(n — 3)(n — 4)p 5 , 
[X 6 ] B = np + 31n(n — l)p 2 + 90n(n — l)(n — 2)p s 
+ 65n(n - 1 )(n - 2)(n - 3)p 4 

+ 15n(n - l)(n - 2)(n - 3)(n - 4)p 5 

+ {n(n — 1) ... (n — 5)}p 6 . 
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From these values the average of the powers around the average 
value of [X] can easily be found by applying (16) or the correspond¬ 
ing formula, developed from 

[<|-[(X-<.)•], 

and we find 

■ [*] = o, 

[x 2 ] = npq, 

npq(q - p), 

[x 4 ] = 3n p<f + npq{\ — 6 pq), 

[x‘] = {10np 5 * + npq( 1 - I2pq)}(q - p), 

. [x 6 ] = 5.3 n , pqp+bnp(f{b — 26 pq) +npy(l — 30pq+120p 2 q*). 

If we determine these values in relation to the total number of 
cases n, we obtain 

[;]-«• [(;)>?> 

[(»)'] ■ I n 10 ( » 5 ) ,+ -?? (1 “ 12 p?) l ( «- A 

If n is assumed sufficiently large we find thus the approximations 

[SH 

[(:)]-(?)■ 

mi- 

im-m )• 
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The considerations relating to special averages made in § 5 can 
easily be modified so as to express the sum of a number of special 
values representing a function. If a is the general average of a 
function and S n the sum of n observed values 

[(«.-«»)*]•- [(*;+*;+•• •<)*]• . 

The expansion of this term (see pp. 18, et seq.) leads to the formula 

1 

---- g 2n<r* ^ 

aVnV^TT 

Now we will consider as our function the theoretical distribution 
of chance occurrences of the probability p in a series containing n ob¬ 
servations. We have found that these are distributed according to the 
binomial law, that their average is np (34), and their mean square 
deviation npq (35). If we consider the sum of m such series, each 
consisting of n observations, we find, according to (37), 

1 _ (&»— m np)* 

_ __ g 2 tnnpq 

Vmnpq V 27r 

The deviations S n — mnp may, however, be also considered as the 
theoretical distribution of chance occurrences of the probability p in 
a series containing nm observations, and as such follow the binomial 
law. From this it follows that the binomial law for a series con¬ 
taining a sufficiently large number of cases may be adequately ex¬ 
pressed by the exponential formula, in which we substitute for a the 
value 1 /npq, the mean square of the deviations of the terms of the 
binomial law from their average. 

It is easy to show that the various approximations which we de¬ 
veloped in §§ 11-14 hold good for the exponential formula. The 
probabilities are distributed symmetrically, because their values de¬ 
pend upon x 2 alone. Between two given limits, 8 X and 8 V we find 
the number of cases 

1 -A* 1 -V\ 

-- — . — e 2u pv dx = —- - I e 2 dz. 

V npq v 27r y2ir J 

Jnpq 

The value of this integral will be the same whenever x x and x 2 are 
the same multiple of Vnpq. 

The exponential law gives us a means of calculating the frequen¬ 
cies inside of certain multiples of a. A full and convenient table 
of the values of these frequencies has been published by W. F. 




(37) P{x) 
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Sheppard. 1 For our present purposes the following data are suf¬ 
ficient. For values of xja, the probability of occurrences of a devi¬ 
ation between — oo and xja will be as follows : 


X 

<r 

Probability. 

X 

<r 

Probability. 

.00 

.5000 

1.00 

.8413 

.05 

.5199 

1.10 

.8643 

.10 

.5398 

1.20 

.8849 

.15 

.5596 

1.30 

.9032 

.20 

.5793 

1.40 

.9192 

.25 

.5987 

1.50 

.9332 

.30 

.6179 

1.60 

.9452 

.35 

.6368 

1.70 

.9554 

.40 

.6554 

1.80 

.9641 

.45 

.6736 

1.90 

.9713 

.50 

.6915 

2.00 

.9772 

•55 

.7088 

2.20 

.9861 

.60 

.7257 

2.40 

.9918 

.65 

.7422 

2.60 

.9953 

.70 

.7580 

2.80 

.9974 

.75 

.7734 

3.00 

.99865 

.80 

.7881 

3.20 

.99931 

.85 

.8023 

3.40 

.99966 

.90 

.8159 

3.60 

.99984 

.95 

.8289 

3.80 

.99993 



4.00 

.99997 


The probabilities for negative values of xja may be found by 
subtracting the values given in the table from 1. 

The asymmetry of distribution may here be introduced by the use 
of (12). When we consider that, according to (35), <r\ = npq(q — p ), 


y- 


1 


Vnpq V 27r 


l 1 + 2 npq \ x 



This agrees with the asymmetry found at the end of § 14 (p. 45). 

1 ‘New Tables of the Probability Integral 1 (Biomet rika, Vol. II., pp. 174, et aeq.). 
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We have shown that the averages of observed series of variables 
have certain definite relations to the averages of the unlimited series, 
whatever the law of distribution may be. We have also seen that 
the law of distribution must always be of such character that the 
frequency is zero for values far removed from the bulk of the observa¬ 
tions. The empirical investigation of great numbers of variables rep¬ 
resenting many different kinds of phenomena has demonstrated that 
in a great many cases their law of distribution conforms quite nearly 
with the exponential law discussed before; that the distribution is, 
therefore, the same as though there were chance deviations from a 
certain expected result, the number of contributory elements being 
very great. 

We can imagine such a result to be brought about by the action 
of a great many contributory causes which affect the values of our 
observations. Provided that there are n such causes, each increasing 
the value of our measurement by one small unit, and that the prob¬ 
ability of each cause coming into action be p, the conditions will be 
the same as those discussed in the preceding chapter; and the result 
must be a distribution corresponding to the binomial law, if n is 
small; to the exponential law, if n is large. This assumption is 
merely a simplification of the existence of many small causes which 
act according to various laws and with varying probabilities; and the 
agreement between the two will be the better, the greater the number 
of causes. 

A more general proof of the applicability of the exponential law 
will be given here. We assume that there are a considerable number, 
n, of causes, each of which has a slight influence upon the observed 
phenomenon. The functions expressing the effect of each cause upon 
the phenomenon are unknown. Any deviation from the average 
will then be 

x-(d'+ y) + (<T + y") + •..(<** + y*) 


where the values A -f- d are the averages for each individual con- 
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tributary cause, and y the deviations from the average for each of 
these contributory causes. If these are entirely independent, 

[**] -([«*'*] + [y‘]) + ([<*"’] + [y" 2 ]) + • ■ • ([<** 2 ] + D" 2 ]) = a*. 

If the values <F and y 2 are all of the same order of smallness, 
their order — since a 2 is a finite value — may be indicated by writing 


We will call 


d = 


V 

Vn 


y = 


x. 

Vn 


W + y')*] 


n n 


/ f 2 


[(d" + yj] = 


[ K+m 


Since the individual contributory causes are distributed according 
to a great variety of laws, it seems justifiable to assume that any 
group of n — 2p functions expressing these laws is on the average 
the same as any other group of n — 2p functions, provided n — 2p 
is a large number 

IF + y?] + IF" + y'Y] + • • ■ l(d- v ~ tp + y^y] =(n- 2 p) M 

and also in general 

IF + sOI + IF' + y"Y1 + • • • [(F _2P + F~ 8/> ) r ] = (« - 2 p) 

If n is large and r > 2 this value will approach zero, since all the 
values of 8 r may be assumed to be of the same order (see p. 19). 

In its present form our problem assumes the same form as that of 
the distribution of special averages of one function which has been dis¬ 
cussed in §§ 5-9 (pp. 14, et seq.). The value a r r is represented in this case 
by the average of the corresponding values of the component functions. 
In this case our approximation which results in the exponential for¬ 
mula will hold good as long as n - 2p is a large number, and as 
long as p is small as compared with n. For cases in which these con¬ 
ditions are not fulfilled asymmetrical distributions may be expected. 
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Formula (12) (p. 21), which determines the skewness of the curve, 
shows that [cc 8 ] depends upon « 3 , and [cc 4 ] upon « 3 and s^ and, when 
higher degrees of asymmetry are considered, the values s 6 , « tf , etc., 
will also exert their influence. Since these values depend upon the 
character of the component functions, the constants of asymmetry 
will change according to these functions. 

It has often been assumed that skew curves will follow the ap¬ 
proximation of the binomial law, but, owing to the independence of 
these constants such results can not be expected. If asymmetries of 
the order 1 / \/n are considered we may call- 

[«*] = n'pq, 

ik-”- 11 - 

Then, according to (12), 

O 5 ] = npq(q - p), 

which, in (35), has been shown to be the mean cube deviation for 
the binomial law. In this case a certaiu form of the binomial law 
can be found, which will correspond to the skewness of the function. 
The relation between * 2 , * 3 and n and p is, however, entirely arti¬ 
ficial. If the skewness of the order 1/n is taken into consideration, 
this relation no longer exists. Skew distributions do not correspond, 
therefore, ordinarily to the binomial law. 

It can also be shown that whenever V [as 2 ] is large as compared 
with the average A , skew distributions may be expected. Accord¬ 
ing to our definition of variability, the values of the variates must be 
limited and, since this must be true also of the variable when subject 
to all the contributory causes which we have assumed to be of the 
same order, it follows that the average limit of the contributory 
functions must be less than A/n. Therefore, 

r „ A 1 

or 

Therefore, if V [V] is great as compared with A, n cannot be 
large and we must expect skew distributions. 
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Looking over the lists one notes species of 
Podocarpus ( Taxaceae ) and Callitris ( Pina - 
ceae), Phoenix and Hyphaene ( Palmaceae ), 
many genera and species of Anacardiaceae, 
Celastraceae, Ebenaceae, Flacourtiaceae, Legu~ 
minosae, Moraceae, Proteaceae and Rubi- 
aceae . Very few of the genera are identical 
with ours, although one may find such names 
as Rhus (with over 20 species), Ilex, Bio - 
spyros, Euphorbia, Vaccinium, Ricinus, Aca¬ 
cia, Mimosa, Cassia, Ficus, Olea, Rhamnus, 
Cephalanthus, Xanthoxylum, Salix, Celiis. 
Aside from these the genera are quite unfa¬ 
miliar to the American dendrologist. 

The other papers include such topics as the 
breeding of maize, ramie cultivation, plants 
poisonous to stock, and the cultivation of 
alfalfa (lucerne). The latter is very full, 
and includes over eighty pages, with a num¬ 
ber of illustrations. 

A NEW BOTANICAL JOURNAL 

Early in the year (February 27) the first 
number of a new journal appeared under the 
name Mycologia . On the title-page it is said 
to be “ in continuation of the Journal of 
Mycology founded by W. A. Kellerman, J. B. 
Ellis and B. M. Everhart in 1885.” It is 
to be <c published bimonthly for the New 
York Botanical Garden.” About the mid¬ 
dle of April the second (March) number 
appeared, and we are thus able to judge as to 
what the new journal is to be like. The first 
number contains a good colored plate of 
agarics and pore fungi, and one black-and w 
white plate. The text includes twenty-six 
pages, and the articles are entitled “ Illustra¬ 
tions of Fungi, I.,” u The Boletaceae of North 
America,” “ Notes on North American Hypo- 
creales, I.,” “ A Bacterial Disease of the 
Peach,” u The Problems of North American 
Lichenology ” and “ Notes and News.” The 
second number contains one colored plate of 
agarics and three black-and-white plates, and 
the text includes forty-six pages. The papers 
are, “ Illustrations of Fungi, II.,” “ The 
Hypocreales of North America, II.,” “ Filling 
Tree Cavities” and “Notes and News.” 

The journal is well printed and is a worthy 
continuation of the Journal of Mycology. 


At the moderate price of three dollars per 
year it will, of course, be indispensable in 
every botanist’s library. 

LEO ERRERA 

Nearly four years ago the noted Belgian 
botanist Leo Errera died in his forty-seventh 
year. Born in 1858, he very early displayed a 
brilliancy of mind which indicated what he 
was to become in his maturity. Keceiving his 
doctorate from the university, he studied also 
with Sachs, DeBary, Hoppe-Seyler, Waldeyer, 
Stahl and others, and became personally ac¬ 
quainted with Bower, Vines, Klebs, Schimper 
and other noted botanists of Europe. Then 
began a life of incessant activity, during 
which he prepared and published nearly three 
hundred papers. The earliest of these ap¬ 
peared when he was but a youth of seventeen 
years, while the last ten appeared within a 
year or two after his death, after having been 
completed by willing friends. 

There is now appearing in Brussels a col¬ 
lection of the works of Errera under the title 
“ Becueil d’Oeuvres de Leo Errera ” which 
is to be completed in six volumes. The 
papers thus brought together (and they are a 
selection from all his publications) are of two 
kinds, viz., (1) those addressed exclusively to 
specialists in botany and physiology, and (2) 
those intended for “ non-specialists who read 
and think.” Those volumes have already ap¬ 
peared, viz., I. and II., devoted to general 
botany, and VI., containing miscellaneous 
papers in prose and verse. The third volume 
is to be devoted to general physiology, the 
fourth to philosophy, while in the fifth will be 
found pedagogical and biographical papers. 
The beauty of these volumes, their good 
paper and clear type commend them as a fit¬ 
ting memorial worthy of the man whom they 
honor. Charles E. Bessey 

University of Nebraska 

SPECIAL ARTICLES 
DETERMINATION OF THE COEFFICIENT OF 
CORRELATION 

In statistical work it is often necessary to 
determine the coefficients of correlation be¬ 
tween a number of variables, the calculation 
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of which according to the usual method of 
correlation tables occupies much time, while 
the subdivision into larger groups makes the 
results inaccurate. The following method of 
calculation secures a great saving of time and 
labor. The averages and mean square varia¬ 
bilities of all the variables must be deter¬ 
mined. By forming the differences between 
any series of pairs, we find the values of 
x — y , which may be treated like any variable. 
Indicating averages by brackets, we have 

[(» — y) a ] = [«»] + [y 2 ]—2 [xy] 

— a® + <*y — 2 r<r x <r y 

_ r — [ (# — y ) 2 3 ——*v 

For a single correlation there is not much 
saving of time in this method of calculation, 
but in multiple correlations a very large 
amount of labor is saved. 

A similar device may be used in the calcu¬ 
lation of correlations of fraternities. When 
the deviations for members of a fraternity are 
designated by x t , x 2 , * • * x n , 

[ (+ ^2 “b #3 + • • • &n ) 2 1 ^ n<r x 2 (1 + — lr) 

_ [ (4~ • • • -f~ x n )~] 1 

n(n —1 )<?$• n —1 


A similar method will allow the determina¬ 
tion of the average correlation of a large series 
of variabilities. By reducing each variable 
to multiples of its variability, we find 
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Correlations of phenomena that can not be 
measured, but only counted, may be treated 
in the following manner: If two events that 
have the probabilities p x and p 2 are correlated, 
we may say that those cases in which the 
event 1 occurs have the probability 1, or a 
deviation from the normal probability 1 — p. 

Those cases in which the event 1 does not 
occur have the probability 0, or a deviation 
from the average probability of — p x . If we 
call pi the probability of the event 2 when 
event 1 occurs, p" the probability of event 2 
when event 1 does not occur, and q t the co¬ 
efficient of regression of 2 upon 1, we have 


P* — P2=zqi(l —Pi) 
p" — P2 = —q 1 p 1 

Thus the phenomenon corresponds strictly 
to that of measurable variables, and the pro¬ 
cedure may be followed that is applied in the 
calculation of the coefficient of correlation of 
measurable variables. It follows that 

p 1)2 = p,p 2 + q x p x (1 — p x ) 


We designate, as usual. 
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The correlation between a measurable and 
an unmeasurable quantity can be determined 
in a similar manner. When the measurable 
quantity is grouped as an array of the meas¬ 
urable quantity, we find, using the same sym¬ 
bols as before, 


or 
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From these formulas, multiple correlations 
may be calculated according to the same form¬ 
ulas as those used for measurable variables. 

Franz Boas 

Columbia University 


THE ENZYMES OF OVA—INFLUENCED BY THOSE 
OF SPERM? 

Some few summers ago, while working in 
the laboratories of the Biological Station at 
Woods Hole, Mass., the writer began some 
experiments to ascertain whether or not the 
action of the enzymes of ova were in any 
measure increased or decreased by those of 
sperm. The problem was suggested by the 
work of other investigators which showed that 
some enzymes have an interdependent action. 
It was also conceived that the process of fer¬ 
tilization might be due to the acceleration of 
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By Franz Boas 


The science of anthropology deals with the biological and 
mental manifestations of human life as they appear in different 
races and in different societies. The phenomena with which 
we are dealing are therefore, from one point of view, histori¬ 
cal. We are endeavoring to elucidate the events which have 
led to the formation of human types, past and present, and 
which have determined the course of cultural development of 
any given group of men. From another point of view the 
same phenomena are the objects of biological and psycho¬ 
logical investigations. We are endeavoring to ascertain what 
are the laws of hereditary stability and of environmental vari¬ 
ability of the human body. These may be recognized in the 
historical changes that the bodily appearance of man has un¬ 
dergone in the course of time, and in his displacement from 
one geographical or social environment to another. We are 
also trying to determine the psychological laws which control 
the mind of man everywhere, and that may differ in various 
racial and social groups. In so far as our inquiries relate to 
the last-named subject, their problems are problems of psy¬ 
chology, though based upon anthropological material. I in¬ 
tend to speak of this aspect of anthropology to-day. 

The fundamental problem on which all anthropological 
inquiry must be founded relates to the mental equipment of the 
various races of man. Are all the races of mankind men¬ 
tally equally endowed, or do material differences exist? The 
final answer to this question has not been given, but anatomi¬ 
cal observations on the various races suggest that differences 
in the form of the nervous system are presumably accompanied 
by differences in function, or, psychologically speaking, that 
the mental traits which characterize different individuals 
are distributed in varying manner among different races; so 
that the composite picture of the mental characteristics of one 
race would presumably not coincide with the composite pic¬ 
ture of the mental characteristics of another race. The evi¬ 
dence that has been brought forward does not justify us, 


1 Lecture delivered at the celebration of the twentieth anniversary 
of the opening of Clark University, September, 1909. 
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however, in claiming that the characteristics of one race 
would be an advance over those of another, although they 
would be different. 

This question has also been approached from the standpoint 
of racial achievement. It has been pointed out that only the 
white race and the Mongolian race have reached any high 
grade of cultural development, and on this basis it has been 
assumed that the other races of man have not the ability to 
reach the same grade of civilization. It has been shown, how¬ 
ever, that the retardation of the other races is not neces¬ 
sarily significant, because the amount of retardation is small 
as compared to the time consumed in reaching the present 
stages. It would seem, therefore, that the weight of evidence 
is, on the whole, in favor of an essential similarity of mental 
endowment in different races, with the probability of variations 
in the type of mental characteristics. Further inquiries into 
this subject must be based not only on sociological studies, 
but also on anatomical, physiological, and psychological 
inquiries among individuals belonging to the distinct races 
of mankind. 

While the problem that I have just outlined relates to 
hereditary racial differences, a second fundamental problem 
of anthropology relates to the mental characteristics of social 
groups regardless of their racial descent. Even a superficial 
observation demonstrates that groups of man belonging to dis¬ 
tinct social strata do not behave in the same manner. The 
Russian peasant does not react to his sense experiences in the 
same way as does the native Australian; and entirely different 
from theirs are the reactions of the educated Chinaman and of 
the educated American. In all these cases the form of reac¬ 
tion may depend to a slight extent upon hereditary individual 
and racial ability, but it will to a much greater extent be de¬ 
termined by the habitual reactions of the society to which the 
individual in question belongs. 

The reaction of a member of a society to the outer world 
may be twofold. He may act as a member of a crowd, in 
which case his activities are immediately determined by imita¬ 
tion of the activities of his fellows; or he may act as an indi¬ 
vidual; then the influence of the society of which he is a 
member will make itself felt by the habits of action and 
thought of the individual. 

I have discussed the racial question repeatedly at other 
places. The problem of the psychology of the crowd is a 
peculiarly intricate one, based largely upon the data of social 
psychology in a wider sense of the term, and upon data of in¬ 
dividual psychology. I may be allowed for these reasons to 
confine myself to-day to the third of the problems which I have 
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outlined, that of the psychological laws which govern man as 
an individual member of society. 

This problem has been the object of intensive study by the 
great minds that have laid the foundation of modern anthro¬ 
pology. The ultimate aim of Waltz’s great work is the 
inquiry into the question whether there are any fundamental 
differences between the mental make-up of mankind the world 
over, racially as well as socially. Tylor, in his brilliant inves¬ 
tigations on the development of civilization, showed the com¬ 
mon occurrence of similar types of ideas the world over, and 
demonstrated the possibility of conceiving of the scattered 
phenomena as proof of certain tendencies of evolution of civili¬ 
zation. The many investigators who have studied the evolution 
of marriage relations, the evolution of law, of art, of religion, 
all start from the same basis—the assumption of a general simi¬ 
larity of mental reaction in societies of similar structure. 
Bastian has tried to prove by the use of anthropological data 
that man the world over develops the same elementary ideas, 
on which the fabric of his mental activities is based; and that 
these elementary ideas may be modified by geographical and 
social environment, but that they remain essentially the same 
everywhere. 

It may be well to illustrate the facts here referred to by a 
few examples. In the domain of industrial activity we find 
that mankind is everywhere in possession of the art of pro¬ 
ducing fire by friction, that everywhere food is prepared by 
cooking, that shelters are built, that tools are used for break¬ 
ing and cutting. We do not know mankind in any stage 
where any of these inventions are absent. In regard to social 
structure we find that man nowhere lives alone; that even the 
cases in which the social group consists of members of one 
family only, are exceedingly rare and of temporary occurrence. 
We furthermore find that the social units are subdivided into 
groups, which are kept apart by customary laws forbidding 
intermarriages in one group, and prescribing intermarriages 
in another. 

In the domain of religion an idea of this type is that of life 
after death. There is probably no people that believes in the 
complete extinction of existence with death, but some belief in 
the continuity of life seems to exist everywhere. To the same 
domain belongs that type of concepts of the world, in which 
the surface of our earth is considered as forming a central level, 
above and below which other worlds are located. 

An examination of the types of ideas represented by the few 
examples that I have here given shows that their subject-matter 
is highly complex, and that in a strict sense the occurrence of 
these ideas by itself does not explain clearly the psychological 
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processes that produce them and that cause their stability. 
Attempts at a psychological interpretation of these concepts 
have often been made by means of a comparative treatment of 
similar ideas, and by endeavors to arrange these ideas in such 
a way as to show a more or less rationalistic development of 
one from the other. While this may be feasible in some cases, 
it does not seem likely that this method of treatment will lead 
us to the most generalized laws governing the forms of thought 
in human societies. 

The principal obstacle in the way of progress on these lines 
seems to my mind to be founded on the lack of comparability 
of the data with which we are dealing. When, for instance, 
we speak of the idea of life after death as one of the ideas 
which develop in human society as a psychological necessity, 
we are dealing with a most complex group of data. One peo¬ 
ple believes that the soul continues to exist in the form that 
the person had at the time of death, without any possibility of 
change; another one believes that the soul will be reborn in a 
child of the same family; a third one believes that the souls 
will enter the bodies of animals; and still others that the 
shadows continue our human pursuits, waiting to be led back 
to our world in a distant future. The emotional and ration¬ 
alistic elements which enter into these various concepts are 
entirely distinct; and we can readily perceive how the various 
forms of the idea of a future life may have come into existence 
by psychological processes that are not at all comparable. If 
I maybe allowed to speculate on this question, I might imagine 
that in one case the similarities between children and their de¬ 
ceased relatives, in other cases the memory of the deceased as 
he lived during the last days of his life, in still other cases the 
longing for the beloved child or parent, and again the fear of 
death—may all have contributed to the development of the 
idea of life after death, the one here, the other there. 

Another instance will corroborate this point of view. One 
of the striking forms of social organization, which occurs in 
many regions wide apart, is what we call totemism,—a form of 
society in which certain social groups consider themselves as re¬ 
lated in a supernatural way to a certain species of animals or 
to a certain class of objects. I believe this is the generally 
accepted definition of totemism; but I am convinced that in this 
form the phenomenon is not a single psychological problem, 
but embraces the most diverse psychological elements. In 
some cases the people believe themselves to be descendants of 
the animal whose protection they enjoy. In other cases an 
animal or some other object may have appeared to an ancestor 
of the social group, and may have promised to become his pro¬ 
tector, and the friendship between the animal and the ancestor 
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was then transmitted to his descendants. In still other cases 
a certain social group in a tribe may have the power of securing 
by magical means and with great ease a certain kind of animal 
or of increasing its numbers, and the supernatural relation may 
be established in this way. It will be recognized that here again 
the anthropological phenomena, which are in outward appear¬ 
ances alike, are, psychologically speaking, entirely distinct, and 
that consequently psychological laws covering all of them can 
not be deduced from them. 

Another example may not be amiss. In a general review of 
moral standards we observe, that, with increasing civilization, 
a gradual change in the valuation of actions takes place. 
Among primitive man human life has little value, and is sac¬ 
rificed on the slightest provocation. The social group among 
whose members any altruistic obligations are binding is ex¬ 
ceedingly small; and outside of the group any action that may 
result in personal gain is not only permitted' but even approved; 
and from this starting point we find an ever-increasing valuation 
of human life and an extension of the size of the group among 
whose members altruistic obligations are binding. The modern 
relations of nations show that this evolution has not yet reached 
its final stage. It might seem, therefore, that a study of the 
social conscience in relation to crimes like murder might be of 
psychological value, and lead to important results, clearing up 
the origin of ethical values; but I think here the same objec¬ 
tions may be raised as before, namely the lack of comparable 
motives. The person who slays an enemy in revenge for 
wrongs done, a youth who kills his father before he gets de¬ 
crepit in order to enable him to continue a vigorous life in the 
world to come, a father who kills his child as a sacrifice for the 
welfare of his people, act from such entirely different motives, 
that psychologically^ a comparison of their activities does not 
seem permissible. It would seem much more proper to com¬ 
pare the murder of an enemy in revenge, with destruction of 
his property for the same purpose, or to compare the sacrifice 
of a child on behalf of the tribe with any other action performed 
on account of strong altruistic motives, than to base our com¬ 
parison on the common concept of murder. 

Similar observations may also be made in the domain of art. 
The artist who tries to display his skill in handling his material 
will be led to aesthetic results. Another one, who wishes to 
imitate certain forms in his work, may be led to similar results. 
Notwithstanding similarity of results, the psychological pro¬ 
cesses in these two cases are quite distinct and not comparable. 

For these reasons it seems to me that one of the funda- 
damental points to be borne in mind in the development of an¬ 
thropological psychology is the necessity of looking for the 
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common psychological features, not in the outward similarities 
of ethnic phenomena, but in the similarity of psychological 
processes so far as these can be observed or inferred. 

Let us next consider in what direction the psychological 
problems of anthropology have to be looked for. I must con¬ 
fine myself here to a very few examples of what seem to me 
fundamental psychological facts. 

One of the most striking features in the thoughts of primitive 
people is the peculiar manner in which concepts that appear to 
us alike and related are separated and re-arranged. Accord¬ 
ing to our views the constituting elements of the heavens and 
of the weather are all inanimate objects; but to the mind of 
primitive man they appear to belong to the organic world. 
The dividing-line between man and animal is not sharply 
drawn. What seem to us conditions of an object—like health 
and sickness—are considered by him as independent realities. 
In short, the whole classification of experience among mankind 
living in different forms of society follows entirely distinct 
lines. I believe this subject can be made clear most easily by 
a comparison with a similar phenomenon in languages. 

If the whole mass of concepts, with all their variants, were 
expressed in language by entirely heterogeneous and unre¬ 
lated sound complexes, a condition would arise in which 
closely related ideas would not show their relationship by the 
corresponding relationship of their phonetic signs. An in¬ 
finitely large number of distinct sound complexes—in other 
words, of distinct words—would be required for expression. 
If this were the case, the association between an idea and its 
representative sound complex would not become sufficiently 
stable to be reproduced automatically at any given moment, 
without reflecting. The automatic and rapid use of lan¬ 
guage has brought it about that the infinitely large number of 
ideas have been reduced by classification to a lesser number, 
which by constant use have established firm associations, and 
which can be used automatically. It seems important to em¬ 
phasize the fact that the groups of ideas expressed by specific 
words show very material differences in different languages, 
and do not conform by any means to the same principles of 
classification. To take the example of English. We find 
that the idea of water is expressed in a great variety of forms. 
One term serves to express water as a liquid; another one, 
water in the form of a large expanse, a lake; others, water as 
running in a large body or in a small body, a river and 
brook. Still other terms express water in the forms of rain, 
dew, wave, and foam. It is perfectly conceivable that this 
variety of ideas, each of which is expressed by a single inde¬ 
pendent term in English, might be expressed in other lan- 
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guages by derivations from the same term. It seems fairly 
evident that the selection of simple terms must to a certain 
extent depend upon the chief interests of a people; and where 
it is necessary to distinguish a certain phenomenon in many 
varieties, which in the life of a people play each an entirely 
independent r61e, many independent words may develop, 
while in other cases modifications of a single term may suffice. 
In the same way as concepts are classified and groups of per¬ 
ceptions are expressed by a single term, relations between 
perceptions are also classified. The behavior of primitive 
man makes it perfectly clear that all these linguistic classes 
have never risen into consciousness, and that consequently 
their origin must be sought not in rational, but in entirely 
unconscious processes of the mind. They must be due to a 
grouping of sense impressions and of concepts which is not in 
any sense of the term voluntary, but which develops from 
entirely different psychological causes. It is a characteristic 
of linguistic classifications that they never rise into con¬ 
sciousness, while other classifications, although the same un¬ 
conscious origin prevails, often do rise into consciousness. It 
seems very plausible, for instance, that the fundamental re¬ 
ligious notions, like the idea of will power immanent in inani¬ 
mate objects, or the anthropomorphic character of animals, 
are in their origin just as little conscious as the fundamental 
ideas of language. While, however, the use of language is so 
automatic that the opportunity never arises for the fundamen¬ 
tal notions to emerge into consciousness, this happens very 
frequently in all phenomena relating to religion. 

I believe that anthropological investigations carried on from 
this point of view offer a fruitful field of inquiry. The pri¬ 
mary object of these researches would be the determination of 
the fundamental categories under which phenomena are classi¬ 
fied by man in various stages of culture. Differences of this 
kind appear very clearly in the domain of certain simple 
sense-perceptions. For instance, it has been observed that 
colors are classified according to their similarities in quite dis¬ 
tinct groups without any accompanying difference in the 
ability to differentiate shades of color. What we call green 
and blue are often combined under some such term as “gall¬ 
like color,” or yellow and green are combined into one con¬ 
cept, which may be named “young-leaves color.” The 
importance of the fhct that in thought and in speech these 
color-names convey the impression of quite different groups of 
sensations can hardly be over-rated. 

Another group of categories that promise a field of fruitful 
investigation are those of object and attribute. The concepts 
of primitive man make it quite clear that the classes of ideas 
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which we consider as attributes are often considered as inde¬ 
pendent objects. The best-known case of this kind, one to 
which I have referred incidentally before, is that of sickness. 
While we consider sickness as a condition of an organism, it 
is believed by primitive man, and even by many members of 
our own society, to be an object which may enter the body, 
and which may be removed. This is exemplified by the 
numerous cases in which a disease is extracted from the body 
by sucking or by other processes, in the belief that it may be 
thrown into people, or that it may be enclosed in wood in 
order to prevent its return. Other qualities are treated in the 
same way. Thus the condition of hunger, exhaustion, and simi¬ 
lar bodily feelings, are considered by certain primitive tribes as 
independent objects which affect the body. Even life is believed 
to be a material object that may become separated from the 
body. The luminosity of the sun is considered as an object 
that the Sun himself may put on or lay aside. 

I have indicated before that the concept of anthropomor¬ 
phism seems to be one of the important categories underlying 
primitive thought. It would seem that the power of motion 
of the self and the power of motion of an object have led to 
the inclusion of man and movable objects in the same cate¬ 
gory, with the consequent imputation of human qualities to 
the moving objective world. 

While in many cases we can see with a fair degree of clear¬ 
ness the fundamental concepts underlying these categories, in 
other cases these are not by any means clear. Thus the con¬ 
cept of incest groups—those groups in which intermarriage is 
strictly forbidden — is omnipresent. But no satisfactory ex¬ 
planation has so far been given for the tendency to combine 
certain degrees of blood relationship under this view-point. 

Much material for this field of inquiry is contained in the 
works on comparative anthropology, but I believe a more 
thorough psychological analysis of the accumulated data may 
reveal important new information. 

We will now turn to the consideration of another group of 
psychological phenomena that seem to me of considerable im¬ 
portance. In all forms of society certain groups of activities 
and of thoughts appear in certain typical associations. Thus 
in our modern society the consideration of cosmic phenomena 
is constantly associated with the efforts to give adequate 
explanations for them, based on the principle of causality. In 
primitive society the consideration of the same phenomena 
leads to a number of typical associations which differ from our 
own, but which occur with remarkable regularity among 
tribes living in the most remote parts of the world. An ex¬ 
cellent instance of this kind is the regular association of obser- 
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vations relating to cosmic phenomena with purely human 
happenings; in other words, the occurrence of nature myths. 
It seems to my mind that the characteristic trait of nature 
myths is the association between the observed cosmic events 
and what might be called a novelistic plot based on the form 
of social life with which people are familiar. The plot as such 
might as well develop among the peoples themselves; but its 
association with the heavenly bodies, the thunder-storm, or 
the wind, makes it a nature myth. The distinction between 
the folk-tale and the nature myth lies solely in the associa¬ 
tion of the latter with cosmic phenomena. This association 
does not naturally develop in modern society. If it is still 
found every now and then, it is based on the survival of the 
traditional nature myth. In primitive society, on the other 
hand, it is found constantly. The investigation of the reason 
for this association is an attractive problem, the solution of 
which can only in part be surmised. 

A number of other examples will demonstrate that the kind 
of association here referred to is quite common in primitive life. 
An excellent instance is furnished by certain characteristics of 
primitive decorative art. With us almost the sole object of 
decorative art is aesthetic. We wish to beautify the objects that 
are decorated. We recognize a certain appropriateness of deco¬ 
rative motives in accordance with the uses to which objects 
are to be put, and the emotional effect of the decorative motive. 
In primitive life the conditions are quite different. Extended 
investigations on decorative art in all continents have proved 
that practically everywhere the decorative design is associated 
with a certain symbolic significance. There is hardly a case 
known where a primitive tribe cannot give some sort of ex¬ 
planation for the designs they use. In some cases the symbolic 
significance may be exceedingly weak, but ordinarily it is 
highly developed. The triangular and quadrangular designs 
of our Plains Indians, for instance, almost always convey defi¬ 
nite symbolic meanings. They may be records of warlike 
deeds, they may be prayers, or they may in some way convey 
other ideas relating to the supernatural. It would almost 
seem that among primitive tribes decorative art for its own sake 
does not exist. The only analogies in modern decorative art 
are such as the use of the flag, of the cross, or of emblems of 
secret societies, for decorative purposes; but their frequency is 
insignificant as compared to the general symbolic tendencies 
of primitive art. Thus it will be seen that we have here again 
a type of association in primitive society quite different from 
the type of association found among ourselves. Among primi¬ 
tive people the aesthetic motive is combined with the symbolic, 
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while in modern life the aesthetic motive is either quite inde¬ 
pendent, or associated with utilitarian ideas. 

I will give still another example of a form of association 
characteristic of primitive society. In modern society, social 
organization, including the grouping of families, is essentially 
based on blood relationship and on the social functions per¬ 
formed by each individual. Except in so far as the Church 
concerns itself with birth, marriage, and death, there is no con¬ 
nection between social organization and religious belief. These 
conditions are quite different in primitive society, where we 
find an inextricable association of ideas and customs relating to 
society and to religion. I have referred before to the phenom¬ 
ena of totemism, which are perhaps the best example of this 
type of association. Totemism is found among many American 
tribes, as well as in Australia, Melanesia, and in Africa. I 
have described before its characteristic trait, which consists in 
supernatural connection that is believed to exist between a cer¬ 
tain class of objects, generally animals, and a certain social 
group. Further analysis shows very clearly that one of the 
underlying ideas of totemism is the existence of definite groups 
of man that are not allowed to intermarry, and that the limita¬ 
tions of these groups are determined by considerations of blood 
relationship. The religious ideas found in totemism refer to 
the personal relation of man to certain classes of supernatural 
powers, and the typical trait of totemism is the association ot 
certain kinds of supernatural power with certain social groups. 
Psychologically, therefore, we may compare totemism with 
those familiar forms of society in which certain social classes 
claim privileges by the grace of God, or where the patron saint 
of a community favors its members with his protection. It will 
be recognized that we have here again a type of association in 
primitive society which has completely changed with the 
development of civilization. 

We will now turn to the consideration of a third point, to the 
peculiar importance of automatic actions in the development 
of the customs and beliefs of mankind. It is a well-known 
fact that all those actions which we perform with great fre¬ 
quency are liable to become automatic; that is to say, that their 
performance is ordinarily not combined with any degree of 
consciousness. Consequently the emotional value of these 
actions is also very slight. It is, however, remarkable that 
the more automatic an action, the more difficult it is to per¬ 
form the opposite action; that it requires a very strong effort 
to do so; and that ordinarily the opposite action is accom¬ 
panied by strong feelings of displeasure. It may also be ob¬ 
served that to see the unusual action performed by another 
person excites the strongest attention and causes feelings 
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of displeasure. An example will make clear what I mean. 
When we consider our table manners, it will readily be recog¬ 
nized that most of them are purely traditional and cannot be 
given any adequate explanation. Still the constant performance 
of the actions which constitute good table manners makes it 
practically impossible for us to act otherwise. An attempt to 
act differently would not only be difficult on account of the lack 
of adjustment of muscular motions, but also on account of the 
strong emotional resistance that we should have to overcome. 
To eat with people having table manners different from our 
own seems to us decidedly objectionable and causes feelings of 
displeasure which may rise to such intensity as to cause qualm¬ 
ishness. Another good example is the feeling connected with 
acts that in our society are considered as modest or immodest. 
Every one will feel instinctively the strong resistance that he 
would have to overcome, even in a different society, if he were 
required to perform an action that we are accustomed to con¬ 
sider as immodest, and the feelings that would be excited 
in his mind if he were thrown into a society in which the 
standards of modesty differed from our own. It seems to my 
mind that these feelings of displeasure exert a very strong 
influence upon the development and conservation of customs. 
The young child in whom the habitual behavior of his sur¬ 
roundings has not yet developed will acquire much of this 
behavior by unconscious imitation. In many cases, however, 
it will act in a way different from the customary behavior, and 
will be corrected by its elders. This is presumably one of the 
most important elements that tend to bring customary behavior 
into the consciousness of the people practising it. When edu¬ 
cating their children to conform to the tribal standards, these 
standards must necessarily become conscious to the educators. 

One of the cases in which the development of ideas based on 
behavior is best traced, is that of the taboo. Although we our¬ 
selves have hardly any definite taboos, to an outsider our failure 
to use certain animals for food might easily appear from this 
point of view. Supposing an individual accustomed to eating 
dogs should inquire among us for the reason why we do not 
eat dogs, we could only reply that it is not customary; and he 
would be justified in saying that dogs are tabooed among us, 
just as much as we are justified in speaking of taboos among 
primitive people. There are a number of cases in which it is 
at least conceivable that the older customs of a people, under a 
new surrounding, develop into taboos. I think, for instance, 
that it is very likely that the Eskimo taboo forbidding the use 
of caribou and of seal on the same day may be due to the al¬ 
ternating inland and coast life of the people. When they hunt 
inland, they have no seals, and consequently can eat only 
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caribou. When they hunt on the coast, they have no caribou, 
and consequently can eat only seal. The simple fact that in 
one season only caribou can be eaten, and that in another season 
only seal can be eaten, may have easily led to a resistance to a 
change of this custom; so that from the simple fact that for 
a long period the two kinds of meat could not be eaten at the 
same time developed the law that the two kinds of meat must 
not be eaten at the same time. I think it is also likely that 
the fish taboo of some of our Southwestern tribes may be due 
to the fact that the tribes lived for a long time in a region 
where no fish was available, and that the impossibility of ob¬ 
taining fish developed into the custom of not eating fish. 

It would seem, therefore, that we may say in a general way 
that the customary action is the ethical action, that a breach 
of custom is everywhere considered as essentially unethical. 

It is very likely that the same causes have had a strong in¬ 
fluence upon the development of local conventional styles of 
art. It is no less true that the customary form is liable to be 
considered the beautiful form than that the customary be¬ 
havior is considered ethical behavior. Therefore the stability 
of primitive styles of art may ultimately be due to the same 
causes as the stability of primitive customs. 

If the origin of concepts and of distinct types of association 
is such as I suggested to-day, and if the existence of these 
concepts and types of association is brought into the con¬ 
sciousness of primitive man by the incidents of his daily life, 
when customary concepts and customary associations seem to 
be broken, we recognize that man must in a great many cases 
find himself confronted with the fact that certain ideas exist 
in his mind for which he cannot give any explanation except 
that they are there. The desire to understand one’s own 
actions, and to get a clear insight into the secrets of the 
world, manifests itself at a very early time, and it is therefore 
not surprising that man in all stages of culture begins to 
speculate on the motives of his own actions. 

As I have explained before, there can be no conscious 
motive for many of these, and for this reason the tendency 
develops to discover the motives that may determine our cus¬ 
tomary behavior. This is the reason why in all stages of 
culture customary actions are made the subject of secondary 
explanations that have nothing to do with their historical 
origin, but which are inferences based upon the general knowl¬ 
edge possessed by the people. I think the existence of such 
secondary interpretations of customary actions is one of the 
most important anthropological phenomena, and one which is 
hardly less common in our own society than in more primitive 
societies. It is a common observation that we desire or act 
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first, and then try to justify our desires and our actions. 
When, on account of our early bringing up, we act with a 
certain political party, most of us are not prompted by a clear 
conviction of the justice of the principles of our party, but we 
do so because we have been taught to respect it as the right 
party to which to belong. Then only do we justify our stand¬ 
point by trying to convince ourselves that these principles are 
the correct ones. Without reasoning of this kind, the sta¬ 
bility and geographical distribution of political parties as well 
as of church denominations would be entirely unintelligible. 
A candid examination of our own minds convinces us that the 
average man in by far the majority of cases does not deter¬ 
mine his actions by reasoning, but that he first acts, and then 
justifies or explains his acts by such secondary considerations 
as are current among us. 

That the same conditions prevail to even a greater extent 
among primitive people can easily be shown by a number of 
examples. It has been pointed out before that decorative art 
among primitive people is almost everywhere symbolic. This 
does not preclude the possibility of designs, and even of the 
whole style, of one region being borrowed by the people of 
another region. This has been the case, for instance, among 
the tribes of our Northwestern Plains, who have borrowed 
much of their art from their more southern neighbors; but 
they have not adopted together with it the symbolical inter¬ 
pretations given by their neighbors, but invented interpreta¬ 
tions of their own. I imagine that this is the outcome of a 
mental process which set in when the designs were found 
pleasing, and, according to the general character of primitive 
thought, a symbolic interpretation was expected. This was 
then secondarily invented in accordance with the ideas current 
among the tribe. 

The same observation may be made in primitive mythology. 
The same kind of tales are current over enormous areas, but 
the mythological use to which they are put is locally quite 
different. Thus an ordinary adventure relating to the ex¬ 
ploits of some animal may sometimes be made use of to 
explain some of its peculiar characteristics. At other times it 
may be made use of to explain certain customs, or even the 
origin of certain constellations in the sky. There is not the 
slightest doubt in my mind that the tale as such is older than 
its mythological significance. The characteristic feature of 
the development of the nature myth is, first, that the tale has 
associated itself with attempts to explain cosmic conditions— 
this has been referred to before—and, secondly, that when 
primitive man became conscious of the cosmic problem, he 
ransacked the entire field of his knowledge until he happened 
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to find something that could be fitted to the problem in ques¬ 
tion giving an explanation satisfactory to his mind. While 
the classification of concepts, the types of association, and the 
resistance to change of automatic acts, developed uncon¬ 
sciously, many of the secondary explanations are due to con¬ 
scious reasoning. 

In the preceding remarks I have tried to point out a direc¬ 
tion in which anthropological data may be used to good 
advantage by the psychologist; that from a psychological 
point of view, the starting-point of our investigations must 
not be looked for in anthropological phenomena that happen 
to be alike in outward appearance, but that in many cases 
diverse phenomena are based on similar psychic processes, and 
that these offer to the investigator a promising line of attack. 
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NOTES AND QUERIES 

The Origin of Totemism. — In his new book, “Totemism and Exog¬ 
amy ,” Mr. J. G. Frazer describes what he calls, “ the American theory of 
totemism;” i. e., the theory that the institution of totemism grew out of 
the personal guardian spirits of individuals (volume iv, page 48 ), and he 
cites me as one of the defenders of this theory. Mr. J. Jacobs, in a review of 
this book in the “New York Times” of October 15 , accepts his state¬ 
ment, and seems to consider me as the originator of this theory. It is true 
that I first expressed this opinion as a result of my study of the Indians 
of the North Pacific coast . 1 

Later on, Mr. Hill-Tout 2 confirmed my conclusions, and generalized the 
results obtained by me and by him in the form of a general theory of to¬ 
temism. In 1897 Miss Alice C. Fletcher 3 developed a similar theory, based 
on her observations of some of the Siouan tribes. 

In writing on this subject, and in a number of general discussions of 
anthropological problems , 4 1 have carefully refrained from interpreting the 
observations made on the North Pacific coast as a general theory solving 
the whole problem of totemism. In fact, such would be opposed to the 
methodological views which I hold. I have emphasized, whenever oppor¬ 
tunity has offered, the necessity of studying the development of each eth¬ 
nological question upon an historical basis, so far as this is possible, in 
order to gather material by means of which we can ascertain whether the 
course of development among various peoples has followed the same line, 
either approximately or in detail. It has always seemed to me that customs 
which to the observer may seem very much alike, may develop from en¬ 
tirely different sources; in other words, that in the course of the history of 
culture we have to reckon not simply with a parallel development, which 
starts from similar psychological conditions, and follows the same course, 
but rather with divergent developments, in which from the same sources 
distinct types may evolve, as well as with convergent developments, in 
which very similar phenomena may develop, starting from entirely distinct 
sources. For this reason I have never held the opinion that any single 
formula can be found by which it would be possible to explain the phe¬ 
nomena of all that we are accustomed to call totemism, because I do not 
believe for a moment that all the phenomena of totemism have had the 
same or even a similar origin. 

1 Bastian-Festschrift, Berlin, 1896, p. 439. Report on the North-Western Tribes of 
Canada, British Association for the Advancement of Science, 1898, Reprint p. 48; see 
also Report on the North-Western Tribes of Canada, 1889, Reprint pp. 24 et seq .; “The 
Social Organization and the Secret Societies of the Kwakiutl Indians,” Report U. S. 
National Museum for 1895, Washington, 1897, p. 336. 

2 Transactions of the Royal Society of Canada , 1901-02, vol. vii, sec. II, pp. 6 el seq. 

3 The Import of the Totem , a Study from the Omaha Tribe, Salem, Mass., 1897. 

4 “ Some Traits of Primitive Culture, Journal of American Folk-Lore , vol. xvii, 1904, 
p. 251; Psychological Problems in Anthropology , Lectures and Addresses delivered be¬ 
fore the Departments of Psychology and Pedagogy in celebration of the Twentieth Anni¬ 
versary of Clark University, Worcester, 1910, pp. 125 et seq. 
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The conclusions which Dr. Goldenweiser has reached in his discussion of 
totemism support strongly the views towards which I incline, not only in 
regard to totemism, but in regard to practically all ethnological phenomena. 

It may not be amiss to emphasize another point. I am inclined to lay 
very little stress upon the explanations of ideas and explanatory tales 
which we constantly obtain from primitive tribes and from others, as fur¬ 
nishing information of the true origin of the forms or customs in question. 
If an individual says that a certain design represents a bird, this does not 
mean that it originally meant a bird. If he says that a taboo must not be 
broken because it would offend the deity, this is not proof that the belief in 
the deity is older than the taboo. We are dealing in ethnology with re¬ 
interpretations without end, the psychological value of which is very great, 
but which throw no light upon the history of development. This is true 
also in regard to totemism; and the fact that the Australians explain their 
totem in one way, and the American Indians in another way, proves, I 
believe, very little in regard to the origin of the type of social organization 
in question, unless it can be proved, by considerations quite apart from the 
explanations given by the people themselves, that the explanations given 
by the people have an historical value. 

I am thoroughly convinced that all problems in anthropology require, 
first of all, a thorough analytical study of the objective appearances of 
phenomena on the one hand, and of their explanations on the other, and 
that only by the whole synthesis of results thus obtained can results of 
permanent value be secured. 

Franz Boas . 

Capturing the Soul. — The following incident, as told by Miss Belle 
Greene, daughter of Mrs. Mary Greene, the missionary referred to below, 
took place at the Indian Manual Labor School, at the Shawnee Mission 
near where Kansas City, Missouri, now is. Miss Greene was a teacher in 
the Shawnee Mission School for a number of years. One of the pupils, a lit¬ 
tle girl about ten or eleven years of age, was taken sick and attended by 
a physician. After a short illness it was evident that she must die, and her 
parents were immediately summoned; and with them came the aged grand¬ 
mother, with whom the child was an especial favorite. They were with the 
little one for several days before her death, and manifested deep solicitude 
and affection for her. When it was seen that she was dying, the parents took 
their place beside the bed; while the grandmother, on the other side and 
nearer the foot, stood motionless. With intense eagerness she kept her eyes 
upon the face of her dying grandchild as her breath became shorter. Sud¬ 
denly, with a movement as quick as it was unexpected, the old woman arose, 
seized a pillow, and threw it with force directly into the face of the child, 
and, springing forward, pressed it down, and, grasping the two ends in her 
hands, folded them, as it were, together, before any one could prevent. 
The parents silently looked on unmoved. The missionary, grieved and 
shocked at what seemed such cruel heartlessness, cried, “What do you 
mean ? You must not do so! ” and attempted to take the pillow. The grand¬ 
mother herself gently removed it, held it an instant still folded, and, as she 
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AN ANTHROPOLOGISTS VIEW OF WAR 


T N the early days of mankind, our earth was thinly 
* settled. Small groups of human beings were scat¬ 
tered here and there; the members of each horde 
were one in speech, one in customs, one in super¬ 
stitious beliefs. From place to place they roamed, 
following the game that furnished their subsistence, 
or digging roots and picking the fruits of trees and 
bushes to allay the pangs of hunger. They were 
held together by the strong bands of habit. The 
gain of one member of the horde was the gain of 
the whole group, the loss and harm done to one, was 
loss and harm to the whole social group. No one 
had interests at stake that were not also the inter¬ 
ests of his fellows. 

Beyond the limits of the hunting grounds lived 
other groups, different in speech, different in cus¬ 
toms, perhaps even different in appearance, whose 
very existence was a source of danger. They preyed 
upon the game, they threatened inroads upon the 
harvest of roots and fruits. They acted in a dif¬ 
ferent manner; their reasoning and feeling were un¬ 
intelligible; they had no part in the interests of the 
horde. Thus they stood opposed to it as beings of 
another kind, with whom there could be no com¬ 
munity of interest. To harm them, if possible to 
annihilate them, was a self-evident act of self-pres¬ 
ervation. 

Thus the most primitive form of society presents 
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to us the picture of continuous strife. The hand of 
each member of one horde was raised against each 
member of all other hordes. Always on the alert to 
protect himself and his kindred, man considered it 
an act of high merit to kill the stranger. 

Human inventions improved. The herd of hunt¬ 
ers learned the art of better providing for its needs. 
The people learned how to store up food and thus to 
provide for the future. With the greater regularity 
of the food supply and a decreased frequency of pe¬ 
riods of starvation the number of members in the 
community increased. Weaker hordes, who still fol¬ 
lowed the older methods of hunting and food gath¬ 
ering, were exterminated or, profiting by the ex¬ 
ample of their neighbors, learned their new arts and 
also increased in numbers. Thus the groups that 
felt a solidarity among themselves became larger 
and by the extermination of small, isolated hordes, 
that remained in more primitive conditions, the total 
number of groups that stood opposed to one another 
became gradually less. 

Development of Larger Units 

We do not venture to trace with any degree of 
certainty the steps by which the homogeneous groups 
became diversified, or by which the opposing groups 
came into closer contact. We can imagine that the 
widows and daughters of the slain, who became a 
welcome prey to the victors, established in time 
kindlier relations between their new masters and 
their kin; we may imagine that the economic advan¬ 
tages of peacefully acquiring the coveted property of 
neighbors rather than taking it by main force added 

6 


Digitized by LjOOQle 



their share to establishing kindlier relations; we may 
attribute an important influence to the weakening of 
old bonds of unity due to the gradual dispersion of 
the increasing number of members of the com¬ 
munity. No matter how the next steps in political 
development happened, we see that, with increasing 
economic complexity, the hostility between the groups 
becomes less. If it was right before to slay every¬ 
one outside of the small horde, we find now tribes 
that have a limited community of interests, that, 
under normal conditions live at peace, although en¬ 
mities may spring up at slight provocation. The 
group that lives normally at peace has much in¬ 
creased in size, and while the feeling of solidarity 
may have decreased, its Scope has become immensely 
wider. 


Disappearing Groups 

We may give a few examples of these conditions 
among the primitive members of mankind. The 
Bushmen of South Africa are a people that is being 
exterminated, because everybody’s hand is raised 
against them, and theirs against everybody. Among 
the tribes of more advanced type of culture that sur-' 
round them, their small bands are being annihilated. 
They feel themselves a group different from the rest 
of the world, and for them there is no place in the 
life of their neighbors. So a bitter war has been 
waged for centuries and is on the point of ending 
with the extinction of the Bushmen. Similar condi¬ 
tions prevail in parts of South America where the 
hunting Indian is outlawed like the wild South 
African. 

7 


Digitized by GjOOQle 



Not so in more advanced types of society. Not¬ 
withstanding the cruel wars between the natives of 
our northern continent, there had been laid the 
germs of larger political units among which peace 
normally reigned. The fierce Iroquois created a 
desert around them, but in their midst developed a 
large industrious community. The Zulu of South 
Africa, the terror of the country, formed a unit infin¬ 
itely larger than any of those that existed before. 

This process of enlargement of political units and 
the reduction of the number of those that were nat¬ 
urally at war with one another began in the earliest 
times, and has continued without interruption, al¬ 
most always in the same direction. Even though 
hostilities have broken out frequently between parts 
of what had come to be a large political unit, the 
tendency of unification has in the long run been 
more powerful than that of disintegration. We see 
the powers at work in antiquity, when the urban 
states of Greece and of Italy were gradually welded 
into larger wholes; we see it again at work after the 
breaking up of ancient society in the development of 
new states from the fragments of the old ones; and 
later on in the disappearance of the small feudal 
states. 


Present Conditions 

In the nations of our days in which law rules su¬ 
preme, we find the greatest numbers of people united 
in political units that the world has seen. Here war 
is excluded, because all members are subject to the 
same law, and excessive strains in the community, 
that lead to internal bloodshed, have decreased in 
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numbers, although perhaps not in violence, among 
those nations in which the whole masses of the 
people enjoy somewhat equal advantages of education. 

Thus the history of mankind shows us the grand 
spectacle of the grouping of man in units of ever 
increasing size that live together in peace, and that 
are ready to go to war only with other groups out¬ 
side of their own limits. Notwithstanding all tem¬ 
porary revolutions and the shattering of larger units 
for the time being, the progress in the direction of 
unification has been so regular and so marked that 
we must needs conclude that the tendencies which 
have swayed this development in the past will gov¬ 
ern our history in the future. The concept of na¬ 
tionalities of the size of our modern nations would 
have been just as inconceivable in early times of the 
history of mankind, as appears now the concept of 
unity of interests of all the peoples of the world, or 
at least of all those who share the same type of civ¬ 
ilization and are subject to the same economical con¬ 
ditions. The historical development shows, however, 
that such a feeling of opposition of one group tow¬ 
ard another is solely an expression of existing con¬ 
ditions, and does not by any means indicate perma¬ 
nence of these conditions. 

Possibility of Further Extension 

The practical difficulties that seem to stand in the 
way of the formation of still larger units count for 
naught before the inexorable laws of history. The 
reasons that have kept political units apart are mani¬ 
fold, but none of them have resisted the attacks of 
changing conditions. In modern times that abhor- 
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rence of members of a strange horde which sprang 
from the idea that they are specifically different is on 
the point of vanishing. We still find it in the so- 
called race instincts of the whites, as opposed to the 
negro and Asiatic, and in the anti-Semitic movement, 
but in most of these cases rather as an element of in¬ 
ternal strife than as one that leads to war. It is still 
active in the wars of extermination that are waged 
against primitive tribes, but these are nearly at an 
end, owing to the approaching extinction of the weak¬ 
est tribes. In course of time differences in customs 
and beliefs, differences in form of government and 
social structure, devotion to ruling dynasty, commun¬ 
ity of economic interests, sameness of language, have 
been held as causes that separate distinct communi¬ 
ties and compel them to take hostile attitudes toward 
one another. 

Thus it appears that it is not any rational cause 
that forms opposing groups, but solely the emotional 
value of an idea that holds together the members of 
each group and exalts their feeling of solidarity and 
greatness to such an extent that compromises with 
other groups become impossible. In this mental atti¬ 
tude we may readily recognize the survival of the 
feeling of specific differences between the hordes, 
transferred in part from the feeling of physical differ¬ 
ences to that of mental differences. The modern en¬ 
thusiasm for the superiority of the so-called “ Aryan 
Race/’ of the “Teutonic Race,” the Pan-German 
and Pan-Slavish ideals can only be understood in 
this light. It is the old feeling of specific differences 
between social groups in a new disguise. 

It is easy to show that this filing is not based on 
10 
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any real racial or other relationship, but that it is 
merely an expression of a strong emotion that is con¬ 
nected with a vague idea of supposed relationship. 

Race Relationships 

Recent investigations of anthropologists have de¬ 
monstrated that no such thing as an “ Aryan Race ” ex¬ 
ists, but that the people of Europe are related by 
descent, no matter what language they speak; and 
that Finns, Hungarians, Turks, and Basques must be 
included in the family of the European race. Still 
less can any of the existing nations of Europe claim 
a homogeneous descent. The North French are quite 
different in appearance from the Central French, and 
then again from the South French; while the North 
French resemble the inhabitants of parts of northern 
Germany, the Central French those of southern Ger¬ 
many. The Germans east of the Elbe are largely de¬ 
scendants of a Slavic people whom they still resem¬ 
ble in appearance. In Great Britain the Welsh are 
different from the English, and parts of Scotland and 
Ireland present well-marked characteristics. The 
same is true of Italy, where great differences in ap¬ 
pearance are found between the inhabitants of the 
northern and of the southern provinces. And how 
great is the heterogeneity of descent of the people 
of the United States, whose ancestors will embrace 
more and more all the nationalities of Europe. Stu¬ 
dents of anthropology are unanimous in discarding 
the idea of the unity of descent of each nation and 
of the pride in the purity of descent of any one par¬ 
ticular type, which gives to the individuals represent¬ 
ing that type the right to place themselves on a plane 
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high over that occupied by all other members of man¬ 
kind. The lack of an objective basis of unity becomes 
clearest when the interrelationship of all blondes or 
of all the brunettes is claimed, which is obviously not 
accompanied by any true feeling of kinship. 

The Bonds of Language 

It seems, however, that in our present period, com¬ 
munity of language is a strong bond that holds na¬ 
tions together. It is, however, not very long that the 
bonds of language have been felt so intensely. Lan¬ 
guage establishes a basis of mutual understanding on 
which a community of interests may arise. The 
pleasure of hearing one’s own tongue spoken in a 
foreign country, creates at once between its speakers 
a feeling of comradeship that is quite real, and in 
proportion to the smallness of the number of speak¬ 
ers of the idiom. The necessity of easy communica¬ 
tion between the members of one nation has also led 
generally to the endeavor to make one language the 
ruling language throughout the whole state. When 
there is a great difference of languages, as in Aus¬ 
tria, the national unity seems to us feeble. One of 
the few exceptions in which language is not the con¬ 
trolling bond of the members of a nationality is 
Switzerland. 

Nevertheless, we may recognize that unity of lan¬ 
guage is also more an ideal than a real bond; not 
only that divergence of dialects makes communica¬ 
tion difficult, but community of thought among the 
members of different social classes is also so slight 
that no communication of deeper thought and feel¬ 
ing is possible. The Provencal and the North French, 
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the Bavarian and the Westphalian peasant, the Si¬ 
cilian and the Florentine are hopelessly divided, ow¬ 
ing to differences of language; and the educated 
Italians, Frenchmen, Englishmen, and Germans have 
more in common than each has with the uneducated 
classes of his own community. 

Thus it appears that the feeling of solidarity 
among the members of each nation is not based by 
any means on objective traits common to all of them 
—although the manner of thinking and living may 
impose certain mental forms upon each community— 
but upon subjective ideals that possess a strong emo¬ 
tional value. From primitive times on such ideals 
have existed, but in ever changing form. Now one 
idea has been the center of public sentiment, then 
another. With them the political groupings of man¬ 
kind have changed. All have had the power to 
create passions that have led each community to de¬ 
fend what it believed to be ideal against foreign at¬ 
tacks, or even indorsed the attempt to force it upon 
the unwilling neighbors. 

Conclusions 

Thus the study of all types of people, primitive as 
well as advanced, shows two peculiar traits: the one 
the constant increase in size of the social units that 
believe in the same ideal; the other the constant vari¬ 
ation of these ideals. Thus we are led to the impor¬ 
tant conclusion that neither the belief is justified that 
the modern nations represent the largest attainable 
social units, nor the other, that the ideals of the 
present groups—and with them the groups—will be 
permanent. 
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Most important of all, if we understand that the 
feeling of opposition to the stranger, which accom¬ 
panies the feeling of solidarity of the nation, is the 
survival of the primitive feeling of specific differ¬ 
ences, we are brought clearly face to face with those 
forces that will ultimately abolish warfare as well as 
legislative conflicts between nations; that will put an 
end not only to the wholesale slaughter of those rep¬ 
resenting a distinct ideal, but also prevent the pas¬ 
sage of laws that favor the members of one nation 
at the expense of all other members of mankind. 

Franz Boas 
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THE DEVELOPMENT OF FOLK-TALES AND MYTHS 1 


By Dr. FRANZ BOAS 


COLUMBIA UNIVERSITY 


,E collections of folk-tales and myths of all continents, but par- 



-L ticularly of North America, that have been accumulated during 
the last few decades, have yielded the definite result that the incidents 
of tales have a very wide distribution, that they have been carried 
from tribe to tribe, even from continent to continent, and have been 
assimilated to such an extent that rarely only there is any internal 
evidence that would indicate what is of native and what of foreign 


origin. 


Although these incidents have a wide distribution, they have de¬ 
veloped characteristic peculiarities in restricted parts of the territory 
in which they occur. I will illustrate this by means of some examples 
selected from among the folk-tales of the north Pacific coast of America, 

An excellent illustration is presented by the North American tale 
of the Bungling Host. The fundamental idea of the story, the failure 
of the attempt to imitate-magical methods of procuring food, is com¬ 
mon to the whole North American Continent, apparently with the sole 
exception of California and of the Arctic coast. The incidents, how¬ 
ever, show considerable variation. Confined to the north Pacific coast 
are the tricks of letting oil drip from the hands, of obtaining fishroe 
by striking the ankle, and of letting berries ripen by the song of a bird. 
The widely spread trick of cutting or digging meat out of the host's 
body is practically unknown on the north Pacific coast. The host's 
trick of killing his children, who revive, which forms part of the Bung¬ 
ling Host tale in the state of Washington and on the Plateaus, is well 
known on the north. Pacific coast. However, it does not occur as part 
of this story. It is entirely confined to stories of visits to the countries 
of supernatural beings. 

Similar observations may be made in regard to the prolific test 
theme. The dangerous entrance to the house of the supernatural 
beings is represented among, the northern tribes of the north Pacific 
coast by the closing cave or by the closing horizon; among the tribes 
farther to the south, by a snapping door; on the western plateaus, by 
animals that watch the door of the house. Heat tests occur frequently, 
but in some regions the heat is applied by baking the youth in an 

1 Based on an investigation of the mythology of the Tsimshian, to be pub 
lished in the Annual Report of the Bureau of American Ethnology. 
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oven or boiling him in a kettle; in others by sending him into an 
overheated sweat-lodge or placing him near a large fire. More im¬ 
portant differences may be observed in the general setting of the test 
tales, which in some areas are tests of the son-in-law; in others, matches 
between the inhabitants of a village and their visitors. 

Other examples of the local development of the plot of a story by 
the introduction of specific incidents occur, as in the north Pacific 
coast story of raven killing the deer, whom, according to the Alaskan 
tale, he strikes with a hammer, while in the more southern form he 
pushes him over a precipice. Similarly, in a story of a rejected lover 
who is made beautiful by a supernatural being the magic transforma¬ 
tion is accomplished in the northern versions by bathing the youth 
in the bathtub of the supernatural being, while in the south he is given 
a new head. 

In other cases the geographical differentiation of the tales is not 
quite so evident, because different types of stories overlap. This is 
the case in the widely spread story of the deserted child. Tales in 
which a youth gives offense by being lazy or by wasting food belong 
to Alaska. Another tpe, in which a girl is deserted because she has 
married a dog, belongs to British Columbia; but the two types over¬ 
lap in distribution. This particular theme occurs in a much wider area 
on the American Continent, and other types may easily be recognized 
in the stories of the Plains Indians. 

Tales of marriages with supernatural beings or animals are often 
found in the form of the abduction of a girl who has unwittingly 
offended an animal. This type seems to belong primarily to Alaska, 
while the theme of helpful animals that succor unfortunate and inno¬ 
cent sufferers is much more frequent among the tribes of British 
Columbia. 

All these examples illustrate that there are a number of simple 
plots, which have a wide distribution, and which are elaborated by 
a number of incidents that must be interpreted as literary devices 
peculiar to each area. In all these cases the incidents .obtain their 
peculiar significance by being worked into different plots. 

On the other hand, we find also certain incidents that have a very 
wide distribution and occur in a variety of plots. Many examples 
of these are given in the annotations to all the more important recent 
collections of folk-tales. The local character of folk-tales is largely 
determined by typical associations between incidents and definite plots. 

In most of the cases here discussed the plot has a general human 
character, so that the processes of invention and diffusion of plots 
must be looked at from a point of view entirely different from that 
to be applied in the study of invention and diffusion of incidents. 
The latter are, on the whole, fantastic modifications of every-day 
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experiences, and not likely to develop independently with a frequency 
sufficient to explain their numerous occurrences over a large area. On 
the other hand, the stories of a deserted child, of contests between two 
villages, of a rejected lover, and other similar ones, are so closely 
related to every-day experiences, and conform to them so strictly, that 
the conditions for the rise of such a framework of literary composi¬ 
tion are readily given. Nevertheless the plots that are characteristic 
of various areas should be studied from the point of view of their 
literary characteristics and of their relation to the actual life of the 
people. 

An attempt of this kind has been made by Dr. John E. Swanton, 2 
who enumerates a number of formulas of tales of the north Pacific 
coast. In this area the following plots occur a number of times: 

1. A woman marries an animal, is maltreated by it, and escapes. 

2. A woman marries an animal, who pities and helps her; she 
returns with gifts. 

3. Men or women marry animals and receive gifts; crest stories. 

4. Men obtain crests through adventures in hunting or traveling. 

5. Parents lose their children; a new child is bom owing to the 
help of some supernatural, being; adventures of this child. 

6. A man maltreats his wife, who receives help from supernatural 
beings. 

7. The adventures of hunters; they meet dangers, which the 
youngest or oldest one overcomes. 

8. War between two tribes, due to the seduction of a woman and the 
murder of her lover. 

All these stories show a unity of the underlying idea. They are 
built up on some simple event that is characteristic of the social life 
of the people and that stirs the emotion of the hearers. Some tales 
of this type are elaborated in great detail, and therefore conform to 
our own literary standards. To this class belongs, for instance, the 
tale of a deserted prince. It is told that a prince fed eagles instead 
of catching salmon. In winter when food was scarce he was deserted 
by his relatives, but was helped by the eagles, who gave him food. It 
is told in great detail how larger and larger animals were sent to him. 
When the prince had become rich he sent some food to the only per¬ 
son who had taken pity on him. By chance his good luck was dis¬ 
covered and he rescued the tribe that was starving and married the 
chief’s daughter. 

Another tale of this kind is “ Growing-up-like-one-who-has-a-grand- 
mother.” This is a tale of another poor boy who is helped by a super¬ 
natural being, overcomes all the young men of the village in various 

2 John R. Swanton, “ Types of Haida and Tlingit Myths/ ’ American An¬ 
thropologist, N. S., Yol. VII., 1905, p. 94. 
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contests, and thns obtains the right to marry the chiefs daughter. 
The chief feels humiliated, deserts him, and the youth kills a lake 
monster. When wearing its skin he is able to kill sea game, but finally 
is unable to take off the skin and must remain in the sea. 

Besides these, there are a large number of complex tales of fixed 
form, which are put together very loosely. There is no unity of plot, 
but the story consists of the adventures of a single person. I do not 
refer here to the disconnected anecdotes that are told of some favorite 
hero, such as we find in the Raven legend or in the Transformer tales, 
but of adventures that form a fixed sequence and are always told as one 
story. Examples of this kind are quite numerous. 

It is noticeable that only a few of the complex tales of the last- 
named type are known to several tribes. Although enough versions 
have been recorded to show that in each area the connection between the 
component parts of the story is firm, the whole complex does not mi¬ 
grate over any considerable distance. On the contrary, the parts of 
the tale have the tendency to appear in different connections. This 
point is illustrated, for instance, by the story of a man who is deserted 
on a sea-lion rock and is taken into the house of the wounded sea- 
lions whom he cures. This story appears in quite different connections 
in various regions. Other examples of similar kind are quite numerous. 

The literary device that holds together each one of these tales con¬ 
sists in the use of the interest in the hero that has been created by the 
introductory story, and that makes the audience desirous of know¬ 
ing about his further deeds and adventures. The greater the personal 
interest in the hero, the more marked is the desire to attach to his 
name some .of the favorite exploits that form the subject of folk-tales. 
I presume this is the reason why in so many cases the introductory 
tales differ enormously, while the adventures and exploits themselves 
show a much greater degree of uniformity. This happens particularly 
in the case of tales of culture heroes. When a large number of the 
same exploits is thus ascribed to the heroes of different tribes, it seems 
to happen easily that the heroes are identified. Therefore I imagine 
that the steps in the development of a culture-hero myth may have 
been in many cases the following: An interesting story told of some 
personage; striking and important exploits ascribed to him; similar 
tales of these personages occurring among various tribes; identification 
of the heroes of different tribes. While I do not assume that this line 
of development has occurred every single time—and it seems to me 
rather plausible that in other cases the introductory story and the ad¬ 
ventures may have come to be associated in other ways—it may be con¬ 
sidered as proved that introduction and adventures do not belong to¬ 
gether by origin, but are results of later association. The great diver¬ 
sity of associations of this type compels us to take this point of view. 
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On the whole^ in many forms of primitive literature; the interest in 
the personality of the hero is a sufficient means of establishing and main¬ 
taining these connections. Nevertheless there are a few cases at least 
in which the adventures conform to a certain definite character of the 
hero. This is the case in northwestern America in the Raven; Mink; 
and Coyote tales, in which greed, amorous propensities, and vainglori¬ 
ousness are the chief characteristics of the three heroes. In tales that 
have a more human background these tendencies are hardly ever de¬ 
veloped. 

The recorded material shows also that the imagination of primitive 
man revels in the development of certain definite themes, that are de¬ 
termined by the character of the hero, or that lend themselves in other 
ways to variation. Thus in Alaskan tales Raven’s voraciousness, that 
induces him to cheat people and to steal their provisions, is an ever- 
recurring theme, the point of which is regularly the attempt to induce 
the people to run away and leave their property. Mink’s amorous¬ 
ness has led to the development of a long series of tales referring to 
his marriages, all of which are of the same type. The strong influence 
of a pattern of thought on the imagination of the people is also illus¬ 
trated by tales of marriages between animals and men or women and 
a few other types to which I referred before. 

The artistic impulses of a people are not always satisfied with the 
loose connections of stories, brought about by the individuality of the 
hero, or strengthened by the selection of certain traits of his character 
illustrated by the component anecdotes. We find a number of cases 
in which a psychological connection of the elements of the complex 
story is sought. An example of this kind is found in the Raven legend 
of British Columbia, in which a number of unrelated incidents are 
welded into the form of an articulate whole. The adventures of the 
Steelhead Salmon, the Grizzly Bear, and Cormorant, are thus worked 
into a connected series. Raven kills Steelhead Salmon because he 
wants to use it to deceive Grizzly Bear. He holds part of the salmon 
in front of his body, so as to make the Bear believe that he has cut 
himself. Thus he induces the Bear to imitate him and to kill him¬ 
self. Finally he tears out the tongue of Cormorant, who had witnessed 
the procedure, so that he may not tell. Another excellent case from the 
same region is the story of Raven’s son and Thunderbird. Raven has 
seduced a girl, and their son is stolen by Thunderbird. In order to 
take revenge, he makes a whale of wood, then kills Pitch in order to 
calk the whale, and by its means drowns the Thunderbird. Among 
other tribes the same tale occurs in another connection. The animals 
have a game, and Thunderbird wins. The defeated guests are in¬ 
vited, and the host’s wife produces berries by her song. Then the 
Thunderbird abducts her, and the revenge of the animals by means 
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of the whale follows. In the former group of tales the incident describ¬ 
ing the death of Pitch is brought in, which ordinarily occurs as an in¬ 
dependent story. 

In these cases we find the same incidents in various connections, 
and this makes it clear that it would be quite arbitrary to assume 
that the incident developed as part of one story and was transferred 
to another one. We must infer that the elements were independent 
and have been combined in various ways. There certainly is nothing 
to prove that the connection in which an incident occurs in one story 
is older and nearer to the original form than one in which it occurs in 
another story. 

The distribution of plots and incidents of North American folk¬ 
lore presents a strong contrast when compared to that found in Europe. 
European folk-tales, while differing in diction and local coloring, ex¬ 
hibit remarkable uniformity of contents. Incidents, plots, and ar¬ 
rangement are very much alike over a wide territory. The incidents of 
American lore are hardly less widely distributed; but the make-up of 
the stories exhibits much wider divergence, corresponding to the greater 
diversification of cultural types. It is evident that the integration 
of European cultural types has progressed much further during the 
last two or three thousand years than that of the American types. 
Cultural contrasts like those between the Northwest coast and the 
Plateaus, or between the Great Plains and the arid Southwest, are not 
easily found in Europe. Excepting a few of the most outlying regions, 
there is a great underlying uniformity in material culture, social organi¬ 
zation, and beliefs, that permeates the whole European continent, and 
that is strongly expressed in the comparative uniformity of folk-tales. 

For this reason European folk-lore creates the impression that the 
whole stories are units, that their cohesion is strong, and the whole 
complex very old. The analysis of American material, on the other 
hand, demonstrates that complex stories are new, that there is little 
cohesion, between the component elements, and that the really old 
parts of tales are the incidents and a few simple plots. 

Only a few stories form an exception to this rule—such as the 
Magic Flight or Obstacle myth—which are in themselves complex, 
the parts having no inner connection, and which have nevertheless a 
very wide distribution. 

From a study of the distribution and composition of tales we must 
then infer that the imagination of the natives has played with a few 
plots, which were expanded by means of a number of motives that 
have a very wide distribution, and that there is comparatively little 
material that seems to belong to any one region exclusively, so that 
it might be considered as of autochthonous origin. The character of 
the folk-tales of each region lies rather in the selection of preponderant 
themes, in the style of plots, and in their literary development. 
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The supernatural element in tales shows a peculiar degree of vari¬ 
ability. In a study of the varying details it appears a number of times 
that stories which in one region contain fantastic elements are given 
a much more matter-of-fact setting in others. I take my examples 
again from the north Pacific coast. In the tale of Raven’s battle with 
South Wind we find in most cases an incident of an animal flying into 
the enemy’s stomach, starting a fire, and thus compelling him to cough. 
In the Tsimshian version he simply starts a smudge in his house. In 
most tales of the liberation of the Sun the magical birth of Raven plays 
an important part, but among the Eskimo he invades the house by 
force or by ordinary fraud. In the Tsimshian tale of the origin of 
Raven a dead woman’s child flies up to the sky, while the Tlingit tell 
the same tale without any supernatural element attached to it. Another 
case of this kind is presented by the wedge test as recorded among 
the Lower Thompson Indians. In most versions of this tale a boy who 
is sent into the open crack of a tree and whom his enemy tries to kill 
by knocking out the spreading-sticks, escapes miraculously when the 
tree closes. In the more rationalistic form of the tale he finds a hollow 
which he keeps open by means of supports given me. The available 
material gives me the impression that the loss of supernatural elements 
occurs, on the whole, near the border of the area in which the tales 
are known, so that it might be a concomitant of the fragmentary char¬ 
acter of the tales. That loss of supernatural elements occurs under 
these conditions, appears clearly from the character of the Masset and 
Tlingit tales recorded by Swanton. In some of the Tlingit tales the 
supernatural elements are omitted, or weakened by saying that the per¬ 
son who had an incredible experience was out of his head. In the 
Masset series there are many cases in which the supernatural element 
is simply omitted. I am not prepared to say in how far this tendency 
may be due to conflicts between the tales and Christian teaching or in 
how far it may be due simply to the break with the past. The fact 
remains that the stories lost part of their supernatural character when 
they were told in a new environment. 

I think it would be wrong to generalize and to assume that such 
loss of supernatural elements is throughout the fate of tales, for the 
distribution of explanatory tales shows very clearly that it is counter¬ 
balanced by another tendency of tales to take on new supernatural 
significance. 

An additional word on the general theory of mythology. I pre¬ 
sume I shall be accused of an entire lack of imagination and of failure 
to realize the poetic power of the primitive mind if I insist that the 
attempt to interpret mythology as a direct reflex of the contemplation 
of nature is not sustained by the facts. 

Students of mythology have been accustomed to inquire into the 
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origin of myths without much regard to the modern history of myths. 
Still we have no reason to believe that the myth-forming processes of 
the last ten thousand years have differed materially from modern myth¬ 
making processes. The artifacts of man that date back to the end of 
the glacial period are so entirely of the same character as those left by 
the modern races, that I do not see any reason why we should suppose 
any change of mentality during this period. Neither is there any 
reason that would countenance the belief that during any part of . this 
period intertribal contact has been materially different from what it 
is now. It seems reasonable to my mind, therefore, to base our opinions 
on the origin of mythology on a study of the growth of mythology as 
it occurs under our own eyes. 

The facts that are brought out most clearly from a careful analysis 
of myths and folk-tales of an area like the northwest coast of America 
are that the contents of folk-tales and myths are largely the same, 
that the data show a continual flow of material from mythology to 
folk-tale and vice versa, and that neither group can claim priority. We 
furthermore observe that contents and form of mythology and folk-tales 
are determined by the conditions that determined early literary art. 

The formulas of myths and folk-tales, if we disregard the particular 
incidents that form the substance with which the framework is filled in, 
are almost exclusively events that reflect the occurrences of human life, 
particularly those that stir the emotions of the people. If we once 
recognize that mythology has no claim to priority over novelistic folk¬ 
lore, then there is no reason why we should not be satisfied to explain 
the origin of these tales as due to the play of imagination with the 
events of human life. 

It is somewhat different with the incidents of tales and myths, 
with the substance that gives to the tales and myths their highly 
imaginative character. It is true enough that these are. not directly 
taken from every-day experience; that they are rather contradictory 
to it. Revival of the dead, disappearance of wounds,- magical treas¬ 
ures, and plentiful food obtained without labor, are not every-day 
occurrences, but they are every-day wishes; and is it not one of 
the main characteristics of the imagination that it gives reality to 
wishes? Others are exaggerations of our experiences; as the power 
of speech given to animals, the enormous size of giants, or the diminu¬ 
tive stature of dwarfs. Or they are the materialization of the objects 
of fear; as the imaginative difficulties and dangers of war and the hunt, 
or the monsters besetting the steps of the unwary traveler. Still 
other elements of folk-lore represent ideas contrary to daily expert 
ences:; such as the numerous stories that deal with the absence of 
certain features of daily life, as fire, water, etc., or those in which 
birth or death. are brought about by unusual means. Practically all 
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the supernatural occurrences of mythology may be interpreted by these 
exaggerations of imagination. 

So far as our knowledge of mythology and folk-lore of modern 
people goes, we are justified in the opinion that the power of imagina¬ 
tion of man is rather limited, that people much rather operate with the 
old stock of imaginative happenings than invent new ones. 

There is only one point, and a fundamental one, that is not fully 
covered by the characteristic activity of imagination. It is the fact 
that everywhere tales attach themselves to phenomena of nature; that 
they become sometimes animal tales, sometimes tales dealing with the 
heavenly bodies. The distribution of these tales demonstrates clearly 
that the more thought, is bestowed upon them by individuals deeply in¬ 
terested in these matters—by chiefs, priests, or poets—the more complex 
do they become, and the more definite are the local characteristics that 
they develop. The facts, however, do not show that the elements of 
which these tales are composed have any immediate connection with 
the phenomena of nature, for most of them retain the imaginative Char¬ 
acter just described. 

The problem of mythology must therefore rather be looked for in 
the tendency of the mind to associate single tales with phenomena of 
nature and to give them an interpretative meaning. I do not doubt 
that when the anthropomorphization of sun and moon, of mountains 
and animals, had attracted stories of various kinds to them, then the 
moment set in when the observation of these bodies and of the animals 
still further stimulated the imagination and led to new forms of 
tales, that are. the expressions of the contemplation, of nature. I am, 
however, not prepared to admit that the present condition of myths 
indicates that these form any important part of primitive mythology. 

That European myths happen to have developed in this direction— 
presumably by long-continued reinterpretation and systematization at 
the hands of poets and priests—does not prove that we must look for a 
poetic interpretation of nature as the primary background of all myth¬ 
ologies. 

The mythological material collected in recent years, if examined in 
its relation to folk-tales and in its probable historical development, 
shd'ws nothing that would necessitate the assumption that it originated 
from the contemplation of natural phenomena. It rather emphasizes 
the fact that its origin must be looked for in the imaginative tales deal¬ 
ing with the social life of the people. 
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THE INFLUENCE OF ENVIRONMENT UPON DEVELOPMENT 

By Franz Boas 
Columbia University, N. Y. 

Read before the Academy, April 27, 1920 

During the last ten years I have carried on a number of investigations 
on the relative influences of heredity and environment upon human types. 
On the whole the results show that each hereditary type can be con¬ 
sidered as stable only in a stable environment, and that with a change of 
environment, many of the characteristic features of the body undergo 
changes. These results have been corroborated later on by investiga¬ 
tions on immigrants in Boston and in certain respects also by Dr. Hrdli£ka’s 
observations on Americans whose ancestors have been residents of this 
continent for several generations. 

Ever since Gould and Baxter's investigations on the soldiers enlisted 
during the war of the Rebellion and since Bowditch’s investigations of 
Boston school children, it has been known that the bulk of the body 
differs not only according to descent, but also according to social position 
of the child. The children of the poor are not so tall as the children of the 
well-to-do. We have, however, never been able to establish definitely 
whether children who are small for their ages will also be small as adults, 
or whether a compensatory growth occurs during the period of adolescence. 
I have shown in previous investigations that children who are retarded 
will at a later time have a much more rapid growth than children who in the 
early years of their lives are accelerated. This observation has been 
confirmed by a study of material which I placed at the disposal of Dr. 
Wissler. At that time, however, we were not in a position to extend these 
observations up to the adult stage. 

Through the courtesy of Mr. Wilson Farrand, Headmaster of the 
Newark Academy, I have been able to collect observations on about 120 
individuals whose measurements extend from the 11th year to adult life. 
The study of this series shows conclusively that from 11 years on, a short 
child will also be on the average short as an adult, while a tall child will be 
tall as an adult. The absolute amount of increment for a short child, 
from the age of 11 years up is, however, considerably larger than the 
total increment for a tall child of the same age, so that the previous ob¬ 
servation may be extended for the whole period of growth. It seems 
likely that the relation between initial stature and increment will be 
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much slighter for earlier years, but no material is available relating to this 
question. A more detailed study of the relation between increment and 
stature shows that the increment cannot be represented as proportional 
to the deviation of stature from the norm, but that a more complex rela¬ 
tion prevails. This is evidently due to the fact that at a given age there 
are, among short individuals, a considerable number who are retarded in 
development and that the number of those retarded decreases rapidly with 
the increase of stature so that among tall children of a given age those of 
accelerated development prevail. Since the increments of stature from 
ten years on to the adult stage cannot be expressed by a linear equation 
dependent upon age, it follows that the correlation between increment 
and adult stature as dependent upon initial stature can also not be ex¬ 
pressed by a linear equation. 

In other words we have to consider two factors. On the one hand 
there is the effect of retardation and acceleration which is most prominent 
in children of low and of high statures respectively and which results in a 
high increment for short children and a low increment for tall children and 
on the other hand there is the effect of hereditary stature which results in a 
low increment for short children of normal rate of development and in a 
high increment for tall children of normal rate of development. 

It would be unreasonable to assume that among individuals who by 
heredity would grow to be tall, there should be a few only who would be 
retarded; since the causes of retardation are present in the whole socially 
uniform group which has been studied. The children are all children of 
well-to-do parents, well-nourished and living in a fairly open country, 
attending a school in which their health is carefully looked after. The 
retardation must, therefore, be due partly to an hereditary determination 
of the period of development; partly to individual pathological or semi- 
pathological conditions, which are not likely to be dependent upon 
hereditary stature. If then we find that those individuals who are short 
as adults, show from 11 and 12 years on a considerable degree of retarda¬ 
tion, this can only be explained by the fact that the retardation has a 
permanent effect upon the development of the bulk of the body. Con¬ 
sidering these conditions we must conclude that the loss of stature due to 
retardation in early childhood is not made up during the period of adoles¬ 
cence. In other words, that the ultimate stature is an effect of both 
hereditary and environmental causes. 

I have investigated the same question with a different kind of material. 
I had an opportunity to examine a large series of Jewish children in New 
York City, living under different conditions. One group were students 
in a private school, the children of well to do parents; the second lived 
under normal family conditions on the East Side of New York City; the 
third group were boarded children under the care of charity organizations; 
the fourth group were placed in an educational institution in the open 
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country and organized on the cottage system, being placed in houses in 
groups of 30 to a house. The fifth group were children who were brought 
up in large institutions located in the city each institution containing 
more than 1000 children. A comparison of the children in the private 
school with all the other groups brought out very great differences. I 
have not been able to obtain adequate material co vering the whole period 
of growth, but at the ages from 11-13 years the differences in both males 
and females are very considerable indeed. Judging from the observa¬ 
tions made by Jacobs in London, it is safe to assume that these differences 
would be found to continue up to the adult stage. 

In groups of children under public care continuous records were avail¬ 
able and a comparison of the measurements of the various series of children 
measured on the date of commitment to public care showed that these 
series and that of children in normal East Side homes are strictly com¬ 
parable. The statures and weights of individuals committed to a large 
institution, to an institution run on the cottage system and those placed 
in families under the care of charity organizations equaled the develop¬ 
ment of normal children from the East Side. When, however, the de¬ 
velopment of children in each group was examined, it was found that the 
institutionalized children lagged behind regularly. There is no doubt 
that the general conditions of nutrition in the large institutions, are as 
good as may be expected, but the whole institutional atmosphere has the 
effect of retarding development. Examination of adults who have passed 
through the asylums showed a similar effect. The average stature of 
adult men and women belonging to this group is about 2 cm. less than that 
of normal individuals of the East Side. The results obtained in an institution 
run on the cottage system are more favorable. While the average statures 
and weights are not quite up to normal, the differences are very slight. 
Children who are boarded in families, are in every respect comparable to 
the normal Jewish child in East Side families. There is only one ex¬ 
ception to this rule. Children who are excluded from one of the in¬ 
stitutions referred to and who are boarded in families are considerably 
less favorably developed than institutional children. This, however, is 
obviously due to the method of selection, because only children with pro¬ 
nounced pathological conditions are boarded out by the institution in 
question. 

I was interested in the question whether the differences in develop¬ 
ment are due to physiological retardation and, partly for this reason, 
partly on account of our lack of knowledge of conditions of dentition, I 
collected extensive data on the eruption of teeth among the children here 
referred to. The observations were made by Dr. Milo Heilman to whose 
interest in the investigation I am greatly indebted. I have calculated 
before from data at hand what seems the most probable time of eruption 
for different teeth. In 1915, I collected similar material in Porto Rico 
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which was elaborated by Mr. Leslie Spier. Other material was placed 
at my disposal by Dr. Carl Roese of Dresden, whose investigations on the 
relation between anthropological form and the condition of teeth are of 
fundamental importance, and finally I used a large series of casts found 
in the offices of orthodontists, for which series I am obliged to the good 
offices of Dr. Heilman. The series previously published by me suggested 
that the difference in period which characterizes the development of the 
two sexes, is not found in the development of the teeth. As I have pointed 
out before, the development of the head shows, that a sexual difference 
amounting to about l 1 /2 years in the rate of physiological development 
occurs about the fifth year, and we know that this difference increases 
to a little more than two years at the time of maturity. The time of the 
eruption of the permanent canines and of the premolars is between the 
tenth and eleventh years. During this time the normal difference in 
regard to physiological development between the two sexes is approxi¬ 
mately a year and one-half, perhaps a little more. For the teeth, how¬ 
ever, we obtain a difference of less than 1 / 2 a year, which shows clearly 
that the dentition of males and of females must possess definite secondary 
sexual characteristics. An investigation of the size of the teeth does not 
bring out any very striking differences. E. Muhlreiter (.Anatomie des 
menschlicken Gebisses, Leipzig 1891, pp. 128, 129) in his investigations of the 
teeth, has suggested that there are characteristic differences in form. 
Further investigations, however, will be necessary in order to show whether 
the physiological difference in development is accompanied by a mor¬ 
phological difference in form. 

I expected that, if there should be physical retardation, .we should find 
among the children of the well-to-do an early development of the per¬ 
manent teeth and among the children of the poor, a later development. 
However, just the reverse was found. The eruption of permanent teeth 
among institutionalized children showed an acceleration of approximately 
eight months. I think this puzzling phenomenon may be explained by the 
fact that in the dental care of institutional children there is a strong 
tendency to remove the deciduous teeth as soon as they show decay, and 
that the removal of the teeth acts as a stimulus upon the development of 
the permanent teeth. Possibly the conditions in Porto Rico, where we 
also find an unusually early eruption of permanent teeth combined with a 
marked retardation in the development of stature, may be explained in a 
similar way; namely, by early decay of deciduous teeth which brings about 
an early loss of the teeth. I am still engaged in an investigation of the 
eruption of the deciduous teeth in relation to bulk of body and I hope to 
report on this subject at a later time. 

The evidence that may be derived from a study of stature and weight 
alone indicates that the under-development of the children in charitable 
institutions is due to retardation. 
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On the whole the observations here reported confirm the conclusion 
that environmental conditions play an important part in the determina¬ 
tion of the bodily form of the adult. It is obvious, therefore, that ex¬ 
planations that take into account only hereditary causes cannot satis¬ 
factorily account for the observed phenomena. This is particularly true 
of stature and weight, which appear extremely variable in the same 
lines of descent, according to the environmental conditions in which the 
individuals live. 

THE POSSIBILITIES OF THE ROCKET IN WEATHER FORE¬ 
CASTING 

By Robert H. Goddard 
Department of Physics, Ceark Coeeege 
Communicated by C. G. Abbot. Read before the Academy, April 27, 1920 

Most Desirable Conditions for Obtaining High Altitude Data for Weather 
Forecasting. —It is well understood that the pressure, temperature, wind 
velocity, and moisture content, which obtain at the top of the troposphere, 
i.e., at the 10 km. level, would be of much importance in weather fore¬ 
casting; making possible the prediction of surface conditions many miles 
distant from the place of observation. 

The data would obviously be of greatest value if obtained simultaneously 
at a number of separated stations. If this were done, an accurate weather 
map, representing conditions at a definite high elevation could be made, 
and compared with that representing surface conditions. Such a high 
altitude weather map would also be of obvious importance in aviation. 

It is evident that the time of ascent should be as short as possible, not 
only in order that the data for the various stations should be obtained 
simultaneously, but also in order that drifting by the wind, and the conse¬ 
quent difficulty of recovery of the apparatus, be reduced to a minimum. 
The descent should also be as rapid as possible, for the same reasons, with 
proper arrangements to prevent damage on landing. 

It would also be desirable, although not essential, that the instruments 
remain at, or near, the 10 km. level for from one to five minutes. 

In short, then, the most desirable method of obtaining high altitude 
data for weather forecasting, would consist in the sending of instruments 
to the 10 km. level daily, from a number of stations, the ascent and de¬ 
scent being as rapid as practicable; provision further being made, if de¬ 
sirable, for maintaining the instruments at this level during an appreciable 
interval of time. 

The Rocket Method as a Means of Realizing These Ideal Conditions .— 

Although the ordinary rocket has a vertical range of but a few hundred 
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D URING the last ten years the methods of inquiry into the 
historical development of civilization have undergone re¬ 
markable changes. During the second half of the last 
century evolutionary thought held almost complete sway and 
investigators like Spencer, Morgan, Tylor, Lubbock, to mention 
only a few, were under the spell of the idea of a general, uniform 
evolution of culture in which all parts of mankind participated. 
The newer development goes back in part to the influence of Ratzel 
whose geographical training impressed him with the importance 
of diffusion and migration. The problem of diffusion was taken 
up in detail particularly in America, but was applied in a much 
wider sense by Foy and Graebner, and finally seized upon in a still 
wider application by Elliot Smith and Rivers, so that at the present 
time, at least among certain groups of investigators in England 
and also in Germany, ethnological research is based on the concept 
of migration and dissemination rather than upon that of evolution. 

A critical study of these two directions of inquiry shows that 
each is founded on the application of one fundamental hypothesis. 
The evolutionary point of view presupposes that the course of 
historical changes in the cultural life of mankind follows definite 
laws which are applicable everywhere, and which bring it about 
that cultural development is, in its main lines, the same among all 
races and all peoples. This idea is clearly expressed by Tylor 
in the introductory pages of his classic work “Primitive Culture.” 
As soon as we admit that the hypothesis of a uniform evolution 

311 


21 



3 12 


AMERICAN ANTHROPOLOGIST 


[N. S., 22, 1920 


has to be proved before it can be accepted, the whole structure loses 
its foundation. It is true that there are indications of parallelism 
of development in different parts of the world, and that similar 
customs are found in the most diverse and widely separated parts 
of the globe. The occurrence of these similarities which are dis¬ 
tributed so irregularly that they cannot readily be explained on the 
basis of diffusion, is one of the foundations of the evolutionary 
hypothesis, as it was the foundation of Bastian’s psychologizing 
treatment of cultural phenomena. On the other hand, it may be 
recognized that the hypothesis implies the thought that our modern 
Western European civilization represents the highest cultural de¬ 
velopment towards which all other more primitive cultural types 
tend, and that, therefore, retrospectively, we construct an ortho- 
genetic development towards our own modern civilization. It is 
clear that if we admit that there may be different ultimate and co¬ 
existing types of civilization, the hypothesis of one single general 
line of development cannot be maintained. 

Opposed to these assumptions is the modern tendency to deny 
the existence of a general evolutionary scheme which would rep¬ 
resent the history of the cultural development the world over. 
The hypothesis that there are inner causes which bring about 
similarities of development in remote parts of the globe is rejected 
and in its place it is assumed that identity of development in two 
different parts of the globe must always be due to migration and 
diffusion. On this basis historical contact is demanded for enor¬ 
mously large areas. The theory demands a high degree of stability 
of cultural traits such as is apparently observed in many primitive 
tribes, and it is furthermore based on the supposed correlation 
between a number of diverse and mutually independent cultural 
traits which reappear in the same combinations in distant parts of 
the world. In this sense, modern investigation takes up anew 
Gerland’s theory of the persistence of a number of cultural traits 
which were developed in one center and carried by man in his 
migrations from continent to continent. 

It seems to me that if the hypothetical foundations of these 
two extreme forms of ethnological research are broadly stated as 
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I have tried to do here, it is at once clear that the correctness of 
the assumptions has not been demonstrated, but that arbitrarily the 
one or the other has been selected for the purpose of obtaining a 
consistent picture of cultural development. These methods are 
essentially forms of classification of the static phenomena of culture 
according to two distinct principles, and interpretations of these 
classifications as of historical significance, without, however, any 
attempt to prove that this interpretation is justifiable. To give 
an example: It is observed that in most parts of the world there 
are resemblances between decorative forms that are representative 
and others that are more or less geometrical. According to the 
evolutionary point of view, their development is explained in the 
following manner: the decorative forms are arranged in such order 
that the most representative forms are placed at the beginning. 
The other forms are so placed that they show a gradual transition 
from representative forms to purely conventional geometric forms, 
and this order is then interpreted as meaning that geometric 
designs originated from representative designs which gradually 
degenerated. This method has been pursued, for instance, by 
Putnam, Stolpe, Balfour, and Haddon, and by Verworn and, in 
his earlier writings, by von den Steinen. While I do not mean to 
deny that this development may have occurred, it would be rash 
to generalize and to claim that in every case the classification which 
has been made according to a definite principle represents an 
historical development. The order might as well be reversed and 
we might begin with a simple geometric element which, by the 
addition of new traits, might be developed into a representative 
design, and we might claim that this order represents an historical 
sequence. Both of these possibilities were considered by Holmes as 
early as 1885 . Neither the one nor the other theory can be estab¬ 
lished without actual historical proof. 

The opposite attitude, namely, origin through diffusion, is 
exhibited in Heinrich Schurtz’s attempt to connect the decorative 
art of Northwest America with that of Melanesia. The simple fact 
that in these areas elements occur that may be interpreted as eyes, 
induced him to assume that both have a common origin, without 
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allowing for the possibility that the pattern in the two areas—each 
of which shows highly distinctive characteristics—may have de¬ 
veloped from independent sources. In this attempt Schurtz fol¬ 
lowed Ratzel who had already tried to establish connections between 
Melanesia and Northwest America on the basis of other cultural 
features. 

While ethnographical research based on these two fundamental 
hypotheses seems to characterize the general tendency of European 
thought, a different method is at present pursued by the majority 
of American anthropologists. The difference between the two 
directions of study may perhaps best be summarized by the state¬ 
ment that American scholars are primarily interested in the dynamic 
phenomena of cultural change, and try to elucidate cultural history 
by the application of the results of their studies; and that they 
relegate the solution of the ultimate question of the relative im¬ 
portance of parallelism of cultural development in distant areas, 
as against worldwide diffusion, and stability of cultural traits over 
long periods to a future time when the actual conditions of cultural 
change are better known. The American ethnological methods 
are analogous to those of European, particularly of Scandinavian, 
archaeology, and of the researches into the prehistoric period of the 
eastern Mediterranean area. 

It may seem to the distant observer that American students 
are engaged in a mass of detailed investigations without much 
bearing upon the solution of the ultimate problems of a philosophic 
history of human civilization. I think this interpretation of the 
American attitude would be unjust because the ultimate questions 
are as near to our hearts as they are to those of other scholars, 
only we do not hope to be able to solve an intricate historical 
problem by a formula. 

First of all, the whole problem of cultural history appears to us 
as a historical problem. In order to understand history it is 
necessary to know not only how things are, but how they have come 
to be. In the domain of ethnology, where, for most parts of the 
world, no historical facts are available except those that may be 
revealed by archaeological study, all evidence of change can be 
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inferred only by indirect methods. Their character is represented 
in the researches of students of comparative philology. The method 
is based on the comparison of static phenomena combined with the 
study of their distribution. What can be done by this method is 
well illustrated by Dr. Lowie’s investigations of the military 
societies of the Plains Indians, or by the modern investigation of 
American mythology. It is, of course, true that we can never 
hope to obtain incontrovertible data relating to the chronological 
sequence of events, but certain general broad outlines can be ascer¬ 
tained with a high degree of probability, even of certainty. 

As soon as these methods are applied, primitive society loses the 
appearance of absolute stability which is conveyed to the student 
who sees a certain people only at a certain given time. All cultural 
forms rather appear in a constant state of flux and subject to 
fundamental modifications. 

It is intelligible why in our studies the problem of dissemination 
should take a prominent position. It is much easier to prove dis¬ 
semination than to follow up developments due to inner forces, 
and the data for such a study are obtained with much greater 
difficulty. They may, however, be observed in every phenomenon 
of acculturation in which foreign elements are remodeled according 
to the patterns prevalent in their new environment, and they may 
be found in the peculiar local developments of widely spread ideas 
and activities. The reason why the study of inner development 
has not been taken up energetically, is not due to the fact that from 
a theoretical point of view it is unimportant, it is rather due to the 
inherent methodological difficulties. It may perhaps be recognized 
that in recent years attention is being drawn to this problem, as is 
manifested by the investigations on the processes of acculturation 
and of the interdependence of cultural activities which are attract¬ 
ing the attention of many investigators. 

The further pursuit of these inquiries emphasizes the importance 
of a feature which is common to all historic phenomena. While in 
natural sciences we are accustomed to consider a given number of 
causes and to study their effects, in historical happenings we are 
compelled to consider every phenomenon not only as effect but 
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also as cause. This is true even in the particular application of the 
laws of physical nature, as, for instance, in the study of astronomy 
in which the position of certain heavenly bodies at a given moment 
may be considered as the effect of gravitation, while, at the same 
time, their particular arrangement in space determines future 
changes. This relation appears much more clearly in the history 
of human civilization. To give an example: a surplus of food 
supply is liable to bring about an increase of population and an 
increase of leisure, which gives opportunity for occupations that 
are not absolutely necessary for the needs of every day life. In 
turn the increase of population and of leisure, which may'be applied 
to new inventions, give rise to a greater food supply and to a further 
increase in the amount of leisure, so that a cumulative effect results. 

Similar considerations may be made in regard to the important 
problem of the relation of the individual to society, a problem that 
has to be considered whenever we study the dynamic conditions of 
change. The activities of the individual are determined to a great 
extent by his social environment, but in turn his own activities 
influence the society in which he lives, and may bring about modi¬ 
fications in its form. Obviously, this problem is one of the most 
important ones to be taken up in a study of cultural changes. It is 
also beginning to attract the attention of students who are no longer 
satisfied with the systematic enumeration of standardized beliefs 
and customs of a tribe, but who begin to be interested in the question 
of the way in which the individual reacts to his whole social environ¬ 
ment, and to the differences of opinion and of mode of action that 
occur in primitive society and which are the causes of far-reaching 
changes. 

In short then, the method which we try to develop is based on a 
study of the dynamic changes in society that may be observed at 
the present time. We refrain from the attempt to solve the funda¬ 
mental problem of the general development of civilization until we 
have been able to unravel the processes that are going on under our 
eyes. 

Certain general conclusions may be drawn from this study even 
now. First of all, the history of human civilization does not 
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appear to us as determined entirely by psychological necessity that 
leads to a uniform evolution the world over. We rather see that 
each cultural group has its own unique history, dependent partly 
upon the peculiar inner development of the social group, and partly 
upon the foreign influences to which it has been subjected. There 
have been processes of gradual differentiation as well as processes 
of leveling down differences between neighboring cultural centers, 
but it would be quite impossible to understand, on the basis of a 
single evolutionary scheme, what happened to any particular people. 
An example of the contrast between the two points of view is 
clearly indicated by a comparison of the treatment of Zuni civi¬ 
lization by Frank Hamilton Cushing on the one hand, on the other 
by modern students, particularly by Elsie Clews Parsons, A. L. 
Kroeber and Leslie Spier. Cushing believed that it was possible to 
explain Zuni culture entirely on the basis of the reaction of the Zuni 
mind to its geographical environment, and that the whole of Zuni 
culture could be explained as the development which followed neces¬ 
sarily from the position in which the people were placed. Cushing’s 
keen insight into the Indian mind and his thorough knowledge of the 
most intimate life of the people gave great plausibility to his inter¬ 
pretations. On the other hand, Dr. Parsons’ studies prove con¬ 
clusively the deep influence which Spanish ideas have had upon 
Zuni culture, and, together with Professor Kroeber’s investigations, 
give us one of the best examples of acculturation that have come 
to our notice. The psychological explanation is entirely misleading, 
notwithstanding its plausibility, and the historical study shows us an 
entirely different picture, in which the unique combination of 
ancient traits (which in themselves are undoubtedly complex) and 
of European influences, have brought about the present condition. 

Studies of the dynamics of primitive life also show that an 
assumption of long continued stability such as is demanded by 
Elliot Smith is without any foundation in fact. Wherever primi¬ 
tive conditions have been studied in detail, they can be proved to 
be in a state of flux, and it would seem that there is a close paral¬ 
lelism between the history of language and the history of general 
cultural development. Periods of stability are followed by periods 
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of rapid change. It is exceedingly improbable that any customs 
of primitive people should be preserved unchanged for thousands 
of years. Furthermore, the phenomena of acculturation prove 
that a transfer of customs from one region into another without 
concomitant changes due to acculturation, are very rare. It is, 
therefore, very unlikely that ancient Mediterranean customs could 
be found at the present time practically unchanged in different 
parts of the globe, as Elliot Smith’s theory demands. 

While on the whole the unique historical character of cultural 
growth in each area stands out as a salient element in the history 
of cultural development, we may recognize at the same time that 
certain typical parallelisms do occur. We are, however, not so 
much inclined to look for these similarities in detailed customs but 
rather in certain dynamic conditions which are due to social or 
psychological causes that are liable to lead to similar results. The 
example of the relation between food supply and population to 
which I referred before may serve as an example. Another type of 
example is presented in those cases in which a certain problem com 
fronting man may be solved by a limited number of methods only. 
When we find, for instance, marriage as a universal institution, it 
may be recognized that marriage is possible only between a number 
of men and a number of women; a number of men and one woman; 
a number of women and one man; or one man and one woman. 
As a matter of fact, all these forms are found the world over and 
it is, therefore, not surprising that analogous forms should have been 
adopted quite independently in different parts of the world, and, 
considering both the general economic conditions of mankind and 
the character of sexual instinct in the higher animals, it also does 
not seem surprising that group marriage and polyandrous marriages 
should be comparatively speaking rare. Similar considerations 
nifiy also be made in regard to the philosophical views held by man¬ 
kind. In short, if we look for laws, the laws relate to the effects of 
physiological, psychological, and social conditions, not to sequences 
of cultural achievement. 

In some cases a regular sequence of these may accompany the 
development of the psychological or social status. This is illus- 
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trated by the sequence of industrial inventions in the Old World 
and in America, which I consider as independent. A period of food 
gathering and of the use of stone was followed by the invention of 
agriculture, of pottery and finally of the use of metals. Obviously, 
this order is based on the increased amount of time given by man¬ 
kind to the use of natural products, of tools and utensils, and to the 
variations that developed with it. Although in this case parallelism 
seems to exist on the two continents, it would be futile to try to 
follow out the order in detail. As a matter of fact, it does not 
apply to other inventions. The domestication of animals, which, 
in the Old World must have been an early achievement, was very 
late in the New World, where domesticated animals, except the dog, 
hardly existed at all at the time of discovery. A slight beginning 
had been made in Peru with the domestication of the llama, and 
birds were kept in various parts of the continent. 

A similar consideration may be made in regard to the develop¬ 
ment of rationalism. It seems to be one of the fundamental char¬ 
acteristics of the development of mankind that activities which 
have developed unconsciously are gradually made the subject of 
reasoning. We may observe this process everywhere. It appears, 
perhaps, most clearly in the history of science which has gradually 
extended the scope of its inquiry over an ever-widening field and 
which has raised into consciousness human activities that are 
automatically performed in the life of the individual and of society. 

I have not heretofore referred to another aspect of modern 
ethnology which is connected with the growth of psycho-analysis. 
Sigmund Freud has attempted to show that primitive thought is 
in many respects analogous to those forms of individual psychic 
activity which he has explored by his psycho-analytical methods. 
In many respects his attempts are similar to the interpretation of 
mythology by symbolists like Stucken. Rivers has taken hold of 
Freud’s suggestion as well as of the interpretations of Graebner and 
Elliot Smith, and we find, therefore, in his new writings a peculiar 
disconnected application of a psychologizing attitude and the 
application of the theory of ancient transmission. 

While I believe some of the ideas underlying Freud’s psycho- 
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analytic studies may be fruitfully applied to ethnological problems, 
it does not seem to me that the one-sided exploitation of this 
method will advance our understanding of the development of 
human society. It is certainly true that the influence of impressions 
received during the first few years of life have been entirely under¬ 
estimated and that the social behavior of man depends to a great 
extent upon the earliest habits which are established before the 
time when connected memory begins, and that many so-called 
racial or hereditary traits are to be considered rather as a result 
of early exposure to a certain form of social conditions. Most of 
these habits do not rise into consciousness and are, therefore, 
broken with difficulty only. Much of the difference in the behavior 
of adult male and female may go back to this cause. If, however, 
we try to apply the whole theory of the influence of suppressed 
desires to the activities of man living under different social forms, 
I think we extend beyond their legitimate limits the inferences 
that may be drawn from the observation of normal and abnormal 
individual psychology. Many other factors are of greater impor¬ 
tance. To give an example: The phenomena of language show 
clearly that conditions quite different from those to which psycho¬ 
analysts direct their attention determine the mental behavior of man. 
The general concepts underlying language are entirely unknown to 
most people. They do not rise into consciousness until the scientific 
study of grammar begins. Nevertheless, the categories of language 
compel us to see the world arranged in certain definite conceptual 
groups which, on account of our lack of knowledge of linguistic proc¬ 
esses, are taken as objective categories and which, therefore, impose 
themselves upon the form of our thoughts. It is not known what the 
origin of these categories may be, but it seems quite certain that they 
have nothing to do with the phenomena which are the subject of 
psycho-analytic study. 

The applicability of the psycho-analytic theory of symbolism 
is also open to the greatest doubt. We should remember that 
symbolic interpretation has occupied a prominent position in the 
philosophy of all times. It is present not only in primitive life, 
but the history of philosophy and of theology abounds in examples 
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of a high development of symbolism, the type of which depends 
upon the general mental attitude of the philosopher who develops it. 
The theologians who interpreted the Bible on the basis of religious 
symbolism were no less certain of the correctness of their views, 
than the psycho-analysts are of their interpretations of thought and 
conduct based on sexual symbolism. The results of a symbolic 
interpretation depend primarily upon the subjective attitude of 
the investigator who arranges phenomena according to his leading 
concept. In order to prove the applicability of the symbolism of 
psycho-analysis, it would be necessary to show that a symbolic 
interpretation from other entirely different points of view would 
not be equally plausible, and that explanations that leave out 
symbolic significance or reduce it to a minimum, would not be 
adequate. 

While, therefore, we may welcome the application of every 
advance in the method of psychological investigation, we cannot 
accept as an advance in ethnological method the crude transfer of 
a novel, one-sided method of psychological investigation of the 
individual to social phenomena the origin of which can be shown 
to be historically determined and to be subject to influences that 
are not at all comparable to those that control the psychology of 
the individual. 

Columbia University, 
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